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CYCLIC CS-1 PEPTIDOMIMBTICS, COMPOSITIONS 
AND METHODS OF USING THE SAME 

Descriptign 

Technical Flftld ' 

The present invention relates to binding of 
inflammatory cells to endothelial cells that express 
the CS-1 portion of fibronectin on their surfaces, 
and more particularly to the inhibition of that 
binding by cyclic peptidomimetic compounds of minimal 
length . 



The immune response relies on leukocyte 
trafficking and immune surveillance as one of the 
underpinnings of host defense. Not only does this 
immune surveillance allow leukocytes to recirculate 
through lymphoid tissues nor^nally, but also permits 
rapid leukocyte recruitment and extravasation to 
adjacent tissues at sites of inflammation. The a431 
(CD49d/CD29, VLA-4) cell adhesion receptor is an 
active participant in these leukocyte trafficking 
functions [Hemler, Ann, Rev , Immunol . , fi: 365-400 
(1990); Hemler et al., Immunol. R^^r. , 111:45-65 
(1990)]. 

The VLA-4 integrin heterodimer was 
discovered independently by three research groups and 
identified as a surface antigen on lymphocytes 
.wanchez-Madrid et al., Eur. J. TmmunQl- , lfi.:1343- 
1349 (1986); Clayberger et al., J. Immunol . ^ 
Juia: 1510-1514 (1987); Hemler et al., J. Biol, qh^m , ^ 
2fi2: 11478-11485 (1987)]. Within the integrin family, 
VIiA-4 is unique on several counts: (i) in contrast to 
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relat d memb rs of th 01 subfamily , VLA-4 is 
predominantly expressed on cells of the hematopoietic 



xxneage [nemxer, Ann. i\«v . j.imnmio. 
(1990)], and is functionally involved in cell-cell, 
as well as cell-extracellular matrix (ECM) adhesive 
interactions [Hemler, Ann > Rev - Immunol , . 1:365-400 
(1990)]; (ii) despite sequence homology with other 
integrin a subunits, the a4 subunit stands apart from 
the two major structural clusters of a subunits 
because a4 lacks an inserted I -domain, and does not 
undergo post-translational cleavage near the 
transmembrane region [Hemler, Ann . Rev . Immunol » . 
1:365-400 (1990); Hynes, fifiii, £1:11-25 (1992)]; and 
(iii) a4 contains a trypsin-like cleavage site that 
results in cell type-specific surface expression of 
at least two different structural variants termed a4- 
150 and a4-80/70 [Pulido et al., FEBS Lett. , 2M:121- 
124 (1991); Teixido et al., J. Biol. Chem. . 212:1786- 
1791 (1992); Rubio et al., Eur, J. Immunol., 22:1099- 

1102 (1992)]. 

The VIA-4 integrin appears to be one of the 
earliest adhesion receptors found on CD34-expressing 
hematopoietic stem cells [Teixido et al., J> Clin. 
Invest, - 111:358-367 (1992)]. However, VLA-4 is 
expressed only on mature T and B lymphocytes, na-ural 
killer (NK) cells, monocytes, basophils and 
^^^Inophils, but not on erythzccyti^s , platelets and 
neutrophils [Hemler, Ann . Rev . Immunol . . £: 365-400 

1990) ; Giemondi et al., J ■ Immunol , . 144:384-392 

1991) ; Walsh et al., J. Immunol. . 14fi:3419-3423 
1991); Bochner et al., J. Exp. Med. . Hi: 1553-1556 



n o rfc \ _ 



_ j_ _ 1 



1991); Weller et al., Proc . Natl. Acad. Sci. USA. 
M:7430-7433 (1991)]. 

To date, most adhesion functions mediated 
by VIiA-4 can be explained by a direct molecular 
interaction betwe n the VLA-4 integrin and either of 
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two separat counterreceptor structures, namely, the 
cytokine-inducible vascular cell adhesion molecule- 1 
(VCAM-i) [Elices et al . , CfiH, (£11:577-584 (1990); 
Rice et al., J. Exd. m»h. . 121:1369-1374 (1990); 
Schwartz et al., J. Clin, invegt. . fi£:2019-2022 
(1990); Carlos et al., Slsssi, 2fi:965-970 (1990)], and 
a subset of the ubiquitous ECM protein fibronectin 
[Wayner et al., J. Cell r^»i , , Jjifi: 1321-1330 (1989); 
Guan et al., Qsll, lfi:53-61 (1990); Ferreira et al., 
J ■ Exp . Mftri ■ , 1X1:351-356 (1990); Elices et al., 
Cfiii, M:577-584 (1990)]. 

VCAM-1 is a member of the immunoglobulin 
(Ig) gene superfamily [Osborn et al.. Cell . 59:1203- 
1211 (1989); Rice et al., Siiisnce, 21^:1303-1306 
(1989)] that is expressed predominantly in vascular 
endothelium in response to pro-inflammatory cytokines 
such as IL-1, TNFa, and IL-4 [Osborn et al.. Cell . 
59:1203-1211 (1989); Rice et al., ficienCfi, 216:1303- 
1306 (1989); Thornhill et al., J. Tmmnnol . 14S:865- 
872.(1990); Masinovsky et al., J. limnunol . . JJi:2886- 
2895 (1990); Thornhill et al., j. iimnunol . . ll£:592- 
598 (1991); Schleimer et al., J. immnncT , ^ Ilfl:1086- 
1092 (1992); Birdsall et al., J. Tnnnnnni , Jjlfl:2717- 
2723 (1992); Swerlick et al., J. Tmmnnni , , 1^:798- 
25 705 (1992); Briscoe et al., J. Tnnnnnol , . 112:2954- 

2960 (1992)]. The VLA-4 binding sites on VCAM-1 have 
oeen mapped to the outermost N-terminal (first) Ig- 
like region of the 6-Ig-like domain VCAM-1 isoform 
[Taichman et al.. Cell , , 2:347-355 (1991); 

Vonderheide et al., J. Exp. m»^., Hi: 1433-1442 
(1992); Osborn et al., J. Eitn. moH Hfi: 99-107 
(155^) j, and the first and fourth N-terminal Ig-like 
regions of the 7-Ig-like domain VCAM-1 isoform 
[Vonderheide et al., J. Exn. m^^^. , 12£: 1433-1442 
(1992); Osborn et al., J. Exn. M^ri . Jjrfi: 99-107 
(1992)]. Discrete amino acid sequences within the 
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two 8 parate Ig-like domains in VCAM-1 recognized by 
the VLA-4 integrin remain to be defined. 

In .contrast, a high affinity peptide 
recognition sequence for VLA-4 within fibronectin 
5 (FN) has been identified [Wayner et al., J. Cell, 

Biol . . ma: 1321-1330 (1989); Ferreira et al., J. Exp> 
U&Si^, 121:351-356 (1990); Guan et al.. Cell , M:53-61 
(1990); Mould et al., J. Biol, Chem. , 2fii: 4020-4024 
(1990); Garcia-Pardo et al,, J , Immunol . , 144 ;3361- 

10 3366 (1990); Komoriya et al-, J. Biol. Chem. , 

2M: 15075-15079 (1991)]. That sequence comprises a 
25-amino acid residue stretch, termed CS-1 [Humphries 
et al., J. Cell Biol, . lfil:2637-2647 (1986); 
Humphries et al., J, Biol. Chem. ^ 262 ; 6886-6B92 

15 (1987)]. 

The FN gene contains three separate exons 
termed EIIIA, EIIIB and V or IIICS, which are subject 
to alternative splicing [Hynes, "Fibronectin", 
Springer-Verlag, New York (1990)]. The presence of 

20 additional acceptor and donor splice signals within 

the IIICS region permi.ts generation of increased 
diversity in FN by virtue of multiple IIICS 
polypeptide variants, for instance, five in human FN 
[Vibe-Pedersen et al., FEBS Lett , , 207:287-291 

25 (1987); Hershberger et al . , Mol. Cell, Biol, , 1Q:662- 

671 (1990)]. Consequently, only a subset of these 
molecular variants expresses the 25-amlno acid 
residue CS-1 sequence recognized by VLA-4 [Wayner et 
al., J. Cell, Biol., 1^^:1321-1330 (1989); Guan et 

30 al.. Cell , M:53-61 (1990)], 

A minimal essential sequence for specific 
VUi-4 recognition ot CS-1 has. been identified as the 
tripeptide Leu-Asp-Val (LDV) [Komoriya et al., J, 
Biol, Chem, . 2M: 15075-15079 (1991); Wayner et al., 

35 J, Cell. Biol, . ilfi:489-497 (1992); Wayner WO 

91/03252 published March 21, 1991; Wayner WO 93/12809 
published July 8, 1993; and Humphries WO 92/13887, 
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published August 20, 1992] albeit VLA-4 binds to LDV 
with at least two orders of magnitude lower affinity 
than to the natiye CS-1 25-mer. 

Nowlin et al., J. Biol . rh^in. , 
ifiaUl: 20352-20359 (1993) recently described a 
cystine-linked cyclic pentapeptide said to inhibit 
binding by both the Arg-Gly-Asp (RGD) and CS-1 
regions of fibronectin to VLA-5 and VLA-4, 
respectively. That cyclic pentamer included the 
unnatural residue, thioproline (ThioP) , and can be 
represented by Arg-Cys*-Asp- (ThioP) -Cys*, that is 
cyclized through a disulfide bond formed at the 
starred cysteine residues. 

VlA-4 shares with other members of the 31 
integrin subfamily the aoility to promote binding and 
penetration of microbial pathogens into mammalian 
cells. Thus, specific interactions of 31 -integrins 
with the bacterial protein invasin [Isberg et al.. 
Call, M:861-871 (1990); Ennis et al., J. Exn. m^h. , 
1ZZ:207-212 (1993) J, as well as the protozoan 
Trypanosoma c^m^i rFernandez^t! a1 . t;»^ t 



la munp ] . , 22:552-557 (1993)] have been described. 

A multitude of in vitrr. studies suggest 
interactions of VLA-4 with its two known ligands, 
25 VCAM-1 and CS-1 FN, have profound biological 

significance. For instance, VLA-4 binding to VCAM-1 
has been demonscraced j.n adhesion to cytokine- 
stimulated vascular endothelium by lymphocytes 
[Slices et al., Qall, fifl: 577-584 (1990); Rice et al. 
J. Exp. Mfld .. 121:1369-1374 (1990); Schwartz et al., 
Ji C li n, Inveat* / 35:2019-2022 (1990); Carlos et al. 
2aj355-97u (iygo); Shimizu et al., j. Cell 



alQlo., Hi: 1203-1212 (1991)], monocytes Lv-«*^«8 
al., BlQj2d, 22:2266-2271 (1991); Jonjic et al., 
I mmunQ l , . 14a:2080-2083 (1992)], natural killer (NK) 
cells [Allavena et al., j. Exp. M^ri . 12^:439-448 
(1991)], and eosinophils [Walsh et al . , J. Tnwnnnr^] 
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144:3419-3423 (1991); Bochner et al-^ 
173 ; 1553-1556 (1992); Dobrina et al., 
invest:. . MS20-26 (1991); Wellei: et al., rgWWi ii' 
Anad. Sci. USA . afi:7430-7433 (1991)]. Because of its 
5 involvement in mediating leukocyte-endothelial 

attachment, VLA-4/VCAM-1 interactions are considered 
key in inflammation. 

The VIiA-4/CS-l interaction r in turn, has 
been widely documented in hematopoiesis where 

10 adhesive interactions between hematopoietic 

progenitors expressing VIiA-4 [Hemler et al., ImmunpLt- 
Rev. , 114 x45-65 (1990); Williams et al., Mflture / 
352 !438-441 (1991); Roldan et al., Jt EXPt Mgdt / 
175 :1739-1747 (1992); Sawada et al.r J ■ IngnttliaLi./ 

15 149 :3517-3524 (1992); Wadsworth et al., J, ImmunQli/ 

150 :847-857 (1993)] and their ECM microenvironment 
play a critical role in precursor maturation and 
differentiation. Thus, CS-1 peptides have been shown 
to inhibit (i) attachment of murine hematopoietic 

20 stem cells to ECM derived from bone marrow stroma 

[Williams et al., HatiaZfi, 252:438-441 (1991)], (ii) 
immunoglobulin secretion by bone marrow-derived B 

cell progenitors [Roldan et al., J . Exp . {ifi^L., 

125:1739-1747 (1992)], (iii) bursal and postbursal 

25 development of chicken B cells [Palojoki et al., EUd 

J. Immunol. . 21=721-726 (1993)], and (iv) thymocyte 
adhesion and differentiation induced by thymic 
stromal cell monolayers [Utsumi et al., ProCi Nfttli 
Acad. Sei, USA . lfi:5685-5689 (1991); Sawada et al., 

30 J. Tmrnunol. . 14^:3517-3524 (1992)]. VLA-4/CS-1 may 

also be involved in embryonic development, because 
CS-i peptides have been shown to inter fexre wich 
migration of avian neural crest cells [Dufour et al., 
EMBO J, . 2:2661-2671 (1988)]. 
35 In addition to VCAM-1, FN and CS-1 have 

also been implicat d in the pathology of rh lunatoid 
arthritis (RA) [Laffon et al., J, Clin. Invest.. 
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jafl:546-552 (1992)]. A role for th CS-1 splicing 
variant of FN has been estaiblished in mediating 
migration of inflammatory cells such as eosinophils 
across endothelial cell monolayers of VLA-4- 
expressing leukocytes [Kuijpers et al., J. Exp. M«»ri. . 
lZfi:279-284 (1993)]. Recent studies have also 
documented that the expression of the CS-1 variant of 
FN is increased in human patients whose bodies reject 
transplanted kidneys. 

The vast body of work suggesting that VLA-4 
plays a role in leukocyte trafficking and 
inflammation has been largely confirmed by in vivo 
studies using anti-VLA-4 antibodies in various animal 
models. Essentially, the skin, brain, kidney, lung 
15 and gut are targets of a wide variety of VLA-4- 

dependent inflammatory reactions mostly resulting 
from recruitment of mononuclear leukocytes and 
eosinophils. 

More specifically, these in vivo studies 
are as follows: contact hypersensitivity (CH) and 
delayed type hypersensitivity (DTH) in the mouse and 
rat [Ferguson et al., Proc. Natl . Ar;«ri. fini ^ ^y^ft, 
Ifi: 8072-8076 (1991); Issekutz, Cell Tnm.nn»1 . ^ 
iafi:300-312 (1991); Issekutz, J. Immunol, . 112:4178- 
25 4184 (1991); Elices et al., Clin, Pvp. Rheumarni . . 

Ii:S77-80 (1993); Ferguson et al., Proc. Natl. A^^ri. 

, M: 8072-8076 (1991); Chisholm, et al., Eur. 
aUlQlj., 22:682-688 (1993)]; experimental 
autoimmune encephalomyelitis (EAE) in the mouse and 
rat [Yednock et al., UaX3U:&, 25fi:63-66 (1992); Baron 
®^ J. Exp. lift<\,, 122:57-68 (1993)]; nephrotoxic 

nephritis in the rat [Mulligan et al., j. clin. 
Inveat.. / jiI:577-587 (1993)]; passive cutaneous 
anaphylaxis in the guinea pig [Weg et al., Jj. 



20 



30 




35 Mfilii, 122:561-566 (1993)]; immune complex- induced 

lung injury in th rat [Mulligan t al., J . limnnnnT . . 
iaa:2401-2406 (1993); Mulligan et al., J. Immunol. , 
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150 ; 2407-24 17 (1993)], spontaneous colitis in th 
monkey [Poldolsky et al., J> Clin, Invest. . 92 : 372- 
3SC (19S3)j and asthma in sheep [Lobb, WO 92/13798 
published July 22, 1993]. 
5 Thus, a preliminary conclusion from in vivo 

results is that VIiA-4 contributes to inflammatory 
responses that emulate chronic conditions in humans. 
In an in vivo model of murine contact 
hypersensitivity, the CS-1 peptide partially 

10 inhibited recruitment of T lymphocytes to skin 

inf lairanatory sites [Ferguson et al., Proc . Natl. 
Acad, Sc i. USA , M:8072-8076 (1991)]. Because the 
Arg-Gly-Asp peptide from the cell adhesion domain of 
FN was also inhibitory in this animal model, the 

15 authors concluded that emigration of immune T cells 

to sites of antigenic challenge in the tissue could 
be facilitated by the interaction of leukocyte 
integrins with ECM proteins such as FN [Ferguson et 
al., Proc. Natl. Acad. Sci. USA . M:8072-8076 

20 (1991)]. 

In a more recent study, Elices and 
coworkers [Elices et al., Clin. Exp. Rheumatol . , 
11:877-80 (1993)] were unable to reproduce inhibition 
of contact hypersensitivity with the native CS-1 

25 peptide. Instead, they found that the CS-1 peptide 

was rapidly cleared from blood circulation by 
proteolytic degradation. 

Although CS-1 and VCAM-1 both bind to VXA- 
4 , and an aspartic acid appears to be an important 

30 residue for binding to VLA-4 in each sequence, the 

remaining residues involved in binding to VLA-4 and 
the conf igurziticn cf tha peptide^ ntseded for binding 
differ. [Elices et al.. Cell . M:577-584 (1990); 
Masumoto et al., J. Biol, Chem. . 2fil:228-234 (1993)]. 

35 Thus, a CS-1 peptide that itself binds well to VLA-4 

may not inhibit binding by VCAM-1, and vice versa. 
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The role of VLA-4 and the CS-1 peptide in 
various chronic and acute iannunoinflannnatory disease 
states having be^n established, it would be of 
importance if compounds could be found that inhibit 
the VIA- 4 -lymphocyte interaction and were other than 
anti -VLA-4 antibodies that can themselves induce an 
immune response on repeated administration or the CS- 
1 peptide that is large and costly to make, and also 
is subject to rapid degradation. The disclosure that 
follows describes such small molecules that are more 
potent than is CS-1 itself. 

Br i gf ?7uminarv of th*. TTiTront;1ffn 

The present invention contemplates a cyclic 
CS-1 peptidomimetic inhibitor peptide, compositions 
and methods (processes) for using such an inhibitor 
peptide . 

A contemplated cyclic peptide corresponds 
in sequence to formula I of SEQ ID NO: 4-28 

R-Xaa*-Z-Asp-Phe-y-Xaa' i 

wherein 
R is 

(a) that is (i) absent so that the 
peptide is terminated by the free rr-amine of x^a or 
(ii) a C^-Ct acyl moiety, or 

(b) that is selected from the group 
consisting of phenylacetyl, benzoyl, phenylalanyl, 
tyrosyl, N-Cj-C, acyl phenylalanyl and N-C,-C, acyl 
tyrosy 1 ; 

the Xaa* and Xaa' groups are a-amino acid 
residues that together form a sulfide or disulfide 
bond in a chain that contains 3 to about 6 atoms, 
including at least one sulfur atom betw en the a- 
carbons of the two Xaa groups, and in which Xaa' has a 
C-terminal carboxamide group, or the C-terminal 
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carboxyl is replaced by hydrog n. Preferably^ at 
least one of Xaa^ and Xaa^ is an oxidized cysteine and 
the other is an oxidized cysteine, homocysteine or 
penicillamine residue such that the two Xaa's 
5 together form a disulfide bond, and Xaa^ has a C- 

terminal carboxamide group. 

Z is absent, or a peptide selected from the 
group consisting of Pro-Glu-Leu, Phe-Leu, Glu-Phe- 
Leu, Pro-Glu-Phe-Leu (£EQ ID NO:29) , and Gly-Pro-Glu- 

10 Phe-Leu {SEQ ID NO:30); and 

Y is absent. Pro, or that is a peptide 
selected from the group consisting of Pro-Ser, Pro- 
Ser-Thr and Pro-Ser-Thr-Val (SEQ ID NO: 31); 

with the provisos that: 

15 (i) R is when Z is absent, and 

(ii) R^ is selected from the group 
consisting of phenylacetyl , benzoyl, N-Cj-C^ acyl 
phenylalanyl and N-C^-C^ acyl tyrosyl when the two Xaa 
residues are separated by two amino acid residues. 

20 A cyclic peptide of formula I, and formulas 

II and III hereinafter, is water-soluble and inhibits 
the binding of Jurkat cells (ATCC TIB 152) to a solid 
phase-bound peptide of SEQ ID N0:1 in an in vitro 
assay in an aqueous buffer at a pH value of 7.2*7.4 

25 to an extent that is about 5- to about 600-fold 

better than the inhibition in the binding exhibited 
by a peptide of SEQ ID NO: 3. 

In a more preferred embodiment, the cyclic 
peptide corresponds in sequence to formula la, shown 

30 below, 

R-Xaa-Z-Asp-Phe-y-Xaa-NHj (SEQ ID NO: 4-28) la 



35 



wh r in 
R is 
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(a) that is (i) abs nt so that th 
peptide is terminated by the free a-amine of Xaa or 
« — ' — —1 «-« w^yj. uiuxecy/ or 

(b) that is selected from the group 
consisting of phenylacetyl, phenylalanyl and N-C^-C, 
acyl phenylalanyl; 

at least one Xaa is an oxidized cysteine 
and the other Xaa is an oxidized cysteine, 
homocysteine or penicillamine residue such that the 
two Xaa's together form a disulfide bond; 

2 is absent, or a peptide selected from the 
group consisting of Pro-Glu-Leu, Phe-Leu, Glu-Phe- 
Leu, Pro-Glu-Phe-Leu (SEQ ID NO: 29), and Gly-Pro-Glu- 
Phe-Leu (SEQ ID NO: 30); and 

Y is absent. Pro, or that is a peptide 
selected from the group consisting of Pro-Ser, Pro- 
Ser-Thr and Pro-Ser-Thr-Val (SEQ ID NO: 31); 

with the provisos that: 

(i) R is R' when Z is absent, and 
(ii) R^ is phenylacetyl or N-Cj-c/ acyl 
phenylalanyl when the two Xaa residues are separated 
by two amino acid residues; i.e., when both Z and Y 
are absent . 

In a still more preferred embodiment, the 
cyclic peptide corresponds in sequence to formula II, 
below, 

R-Xaa-Z^-Asp-Phe-Y'-Xaa-NHj (SEQ ID NO: 5-7, 9-12) II 

wherein 
R is 

that la (1) absent so that the 
peptide is terminated by the free a-amine of Xaa or 
(ii) a C^-C^ acyl moiety, or 

(b) R^ that is selected from the group 
consisting of ph nylacetyl, phenylalanyl and N-C^-C, 
acyl phenylalanyl; 



20 
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at least one Xaa is an oxidized cystein 
and the other Xaa is an oxidized cysteine, 
homocysteine ,or penicillamine residue such that the 
two Xaa's together form a disulfide bond; 
5 is absent or Phe-Leu; and 

is absent. Pro, Pro-Ser or Pro-Ser-Thr; 
with the provisos that: 

(i) R is when Z is edDsent, and 
(ii) R^ is phenylacetyl or N-Cj-C^ acyl 
10 phenylalanyl when the two Xaa residues are separated 

by two amino acid residues. 

A still more preferred cyclic peptide 
corresponds in sequence to formula III, below, 

15 R'-Cys-Phe-Leu-Asp-Phe-Y^-Cys-NHj (SEQ ID NO:10-11), 

wherein 

the two Cys residues are oxidized to form a 
cystine residue; 

R^ is (i) a C1-C4 acyl moiety or (ii) absent 
so that the peptide is terminated by the free a-amine 
of the oxidized Cys residue; and 

is Pro or Pro-Ser. 
The presently most preferred peptide has 
the sequence 

N-phenylacetyl-Cys-Asp-Phe-Cys-NHj (SEQ ID NO: 4) 

in which the two cysteines are oxidized to form a 
30 disulfide bond-containing cystine residue. 

A pharmaceutical composition containing an 
above cyclic inhibitor peptide is also contemplated. 
Such a composition contains the peptide dissolved or 
dispersed in a pharmaceutically acceptable diluent 
35 that is pr ferably aqueous. The peptide is pres nt 

in the composition in an inflammation-reducing 
amount. That amount is also som times r f erred to 
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h rein as a CS-1/ or sVCAM-l/VLA-4 -inhibiting amount. 
An above-discussed more preferred, still more 
preferred or most preferred peptide is utilized in a 
more preferred, still more preferred or most 
preferred composition. 

A process for treating fibronectin CS-1/ or 
sVCAM-l/VLA-4 -mediated inflammation is also 
contemplated. That process comprises administering 
to a mammal having that inflammation or otherwise in 
need of such a treatment as for prophylactic 
purposes, an inflammation-reducing amount of a 
before-described cyclic inhibitor peptide. Use of a 
more preferred, still more preferred or most 
preferred inhibitor peptide is more, still more or 
most preferred in this process. The cyclic inhibitor 
peptide is preferably administered in a before- 
described pharmaceutical composition. 

All peptide formulas or sequences shown 
herein are written from left to right and in the 
direction from amino- terminus to carboxy-terminus . 
The abbreviations used herein for derivatives and 
residues of the twenty natural amino acids are 
reproduced in the following Table of Correspondence: 
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TaWT.B OF rnwWFSPOWDENCE 

ftt^t^T-«»vt anion Am i no Ac i d 

1- Letter 3 -Letter 





Y 


Tyr 


uyiTos^ne 


5 


G 


Gly 


gxycxne 




F 


Phe 


pnenyxaxanine 




M 


Met 


me t h Ion i. n e 




A 


Ala 


alanine 




S 


Ser 


serxne 


10 


I 


lie 


xsoxeucxne 




L 


Leu 


leucxne 




T 


aim % 

Thr 


tnireonxne 




V 


Val , 


valine 




P 


Pro 


proline 


15 


K 


Lys 


lysine 




H 


Hia 


hlstldlne 




Q 


Gin 


glutamlne 




E 


Glu 


glutamic acid 




W 


Trp 


tryptophan 


20 


R 


Arg 


arglnlne 




D 


Asp 


aspartlc acid 




N 


Asn 


asparaglne 




C 


Cys 


cysteine 




X 


Xaa 


another residue , 


25 






or one of 






several 
residues 
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Alternatively, the cyclic inhibitor peptide 
of the present invention can be described in 
molecular formula form. In this form, a preferred 
cyclic inhibitor peptide has the following formula: 





15 



20 



Z is a linker group selected from the group 
consisting of -S-S-, -NH-C(O)-, -S- , and -C(0)-NH-. 

a 0 to about 6 amino aciai> eina subscript m is 0 to 
5. R, is a phenyl, pyridyl or thiophenyl group 
optionally substituted by one or more lower alkyl, 
to Cj alkoxy, halo, amino, Cj to C, acylamino or nitro 
groups. The subscripts o, p, q, r, s, and t are, 

' J, - ~* * ciiM i^j, n,, K^, K,, Rj, R,, 

R»» Rio» Riif Rijf and R„ are, independently, a hydrogen 
atom or a lower alkyl or ph nyl gr up. R^^ is a 
hydrogen atom or a primary amide, carboxylic acid, 
1 wer alkyl ster, thiolo est r or mono or dihydroxy 
lower alkyl group. R„ is a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group or a 
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lower alkyl group optionally substituted by a phenyl, 
pyridyl, cyclohexyl, thiophenyl or primajry 2anide 
group wherein the lower alkyl group is a to C5 
alkyl straight or branch chain moiety or a salt 
5 thereof. 

A preferred cyclic inhibitor peptide also 
can be described by the following formula; 




25 Where subscript in is 0 to 5 and is a 

ohemrl , oyridyl or thiophenyl group optionally 
substituted by one or more lower alkyl, to C5 
alkoxy, halo, amino, to acylamino or nitro 
groups. Subscript o and r are, independently, 0 or 1 

30 and R,, R3, R«, and R, are, independently, a hydrogen 

atom or a lower alkyl group. R^^ is a hydrogen atom 
or a primary amide, carboxylic acid, lower alkyl 
ester, thiolo ester or mono or dihydroxy lower alkyl 
gr up. Ri5 is a ph nyl, pyridyl, cyclohexyl, 

35 thiophenyl or primary amide group or a lower alkyl 

group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group wher in 
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th 1 wer alkyl group is a Cj to C, alkyl straight or 
branch chain moiety or a salt thereof. 

Further, a preferred cyclic inhibitor 
peptide can be described by the following formula: 



R,- 




Where subscript m is 0 to 5 and R, is a 
phenyl, pyridyl or thiophenyl group optionally 
substituted by one or more lower alkyl, to C, 
alkoxy, halo, amino, to C, acylamino or nitro 
groups. Subscript o and r are, independently, 0 or 1 
and Rj, Rj, R,, and R, are, independently, a hydrogen 
atom or a lower alkyl group. R,. is a hydrogen atom 
or a primary amide, carboxylic acid, lower alkyl 
sstci", Lhiolo ester or mono or dihydroxy lower alkyl 
group. R„ is a phenyl, pyridyl, cyclohexyl, 
thiophenyl or primary amide group or a lower alkyl 
group optionally substituted by a ph nyl, pyridyl, 
cyclohexyl, thioph nyl or primary amide group wherein 
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th low r alkyl group is a Cj to alkyl straight or 
branch chain moiety or a salt thereof. 

In .addition, a preferred cyclic inhibitor 
peptide also can be described by the following 
5 formula: 




Where subscript m is 0 to 5 and is a 
phenyl, pyridyl or thiophenyl group optionally 
substituted by one or more lower allcyl, Cj to Cj 
alkoxy, halo, aunino, Cj to Cj acylamino or nitro 

10 groups. Subscript o and r are, independently, 0 or 1 

and R,, R3, Rg, and R, are, independently, a hydrogen 
atom or a lower alkyl group. R^^ is a hydrogen atom 
or a primary aunide, carboxylic acid, lower alkyl 
ester, thiolo ester or mono or dihydroxy lower alkyl 

15 group. R^ is a phenyl, pyridyl, cyclohexyl, 

tniophenyl or primary amide group or a lower alkyl 
group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thioph nyl or primary amide group wherein 
the lower alkyl group is a to C, alkyl straight or 

20 branch chain moiety or a salt th reof . 
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Further, prodrug forms and pharmaceutical 
compositions of the abov*» formulas are also 
sncompaBBed by the present invention. 

The present invention has several benefits 
and advantages. 

One salient benefit is that a cyclic 
inhibitor peptide contemplated here is more potent in 
inhibiting the V1A-4/CS-1 or the VIA-4/8VCAM-1 
binding interaction than is CS-1 itself. 

An advantage of the invention is that a 
contemplated cyclic inhibitor peptide also inhibits 
binding between VLA-4 and VCAM-1 to a greater extent 
than does a straight chain peptide that exhibits 
similar binding inhibition between VLA-4 and a CS-1 
15 peptide. 

Another advantage of the invention is that 
a contemplated cyclic inhibitor peptide is a 
relatively small molecule that is easily prepared in 
high purity. 

Still further benefits and advantages of 
the invention will become apparent to the skilled 
worker from the disclosure that follows. 
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Brief nftaffripf.iffn of t^r^, 

In the drawings forming a portion of this 
disclosure : 

Fig. 1 is a graph illustrating the relative 
i n v i tro inhibition of binding of VLA-4 -bearing 
Jurkat cells to the solid phase-bound CS-1 peptide 
(SEQ ID N0:1) on the left or soluble (s) sVCAM-l on 
the right caused by straight chain peptides <t>Ac- 
LcuAspFha-muirpholinamide (XLDFZ), 0Ac-LeuAspPhe-D- 
Pro-NH, (XLDFp) or the disulf ide-containing cyclic 
p ptide CysAspPheCys-NH, (cyclic; SEQ ID NO:4), 
respectiv ly. Inhibitions on the left are relative 
to the inhibition provided by the "standard" p ptide 
of SEQ ID N0:3, GlyProGluIleLeuAspValProSerThr , whos 
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inhibition of CS-1 binding is about equal to that of 
CS-1 itself, and is set at "one" in relative units. 
Jurkat cell binding inhibitions on the right are 
relative to each other, rather than to an external 
5 standard, with inhibition on the left and right 

caused by XLDFp being set equal to each other. 

Detailed Deacription of the Invention 

The present invention contemplates a cyclic 

10 inhibitor peptide, a composition containing such a 

peptide, and a process of using such a peptide. A 
contemplated cyclic peptide inhibits binding between 
the CS-1 peptide of fibronectin or sVCAM-1 and the 
inflammatory cell VLA-4 surface receptor, and is 

15 therefore often referred to herein as a cyclic 

inhibitor peptide. 

Each of the cyclic peptides contemplated 
here can be viewed as a deletion analogue of a CS-1 
or B12 peptide in that each is shorter in length; 

20 i.e., contains fewer residues. Each cyclic peptide 

inhibitor can also be considered a substitution 
analogue because of the presence of the Phe instead 
of Val adjacent the Asp residue, and the presence of 
two Xaa residues that together form a sulfur- 

25 containing chain or bridge and are not present in 

either CS-1 or B12 • Additional substitutions and 
deletions from CS-1 and B12 peptides are also present 
in the contemplated inhibitors as is discussed 
hereinbelow. 

30 A. Peptides 

A contemplated cyclic peptide can be viewed 
as a mimic of the whole fibronectin molecule, or at 
least the 25-residue (25-mer) CS-1 portion of 
fibronectin (SEQ ID N0:1)^ that binds to the VIiA-4 

35 receptor. A contemplated cyclic peptide can also be 

viewed as a mimic for the VCAM-1 molecule or at least 
the region of that molecule that binds to VLA-4. A 
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contemplated cyclic peptide will usually be discussed 
in regard to its CS-l-mimetic properties, but that is 
for the sake of convenience only. As will be seen 
from the discussion that follows, a contemplated 
peptide binds to the VLA-4 receptor even more tightly 
than does the CS-1 25-mer peptide present in 
fibronectin or the soluble form of VCAM-1, sVCAM-1. 

Broadly, a contemplated cyclic inhibitor 
peptide can be defined as having a structure 
corresponding to formula I, below, SEQ ID NO: 4 -2 8 

R-Xaa^-2-Asp-Phe-Y-Xaa' I 
wherein 
R is 

(a) that is (i) absent so that the 
peptide is terminated by the free a-amine of Xaa or 
(ii) a Cj-C, acyl moiety, or 

(b) R' that is selected from the group 
consisting of phenylacetyl , benzoyl, phenylalanyl, 
tyrosyl, N-C,-C, acyl phenylalanyl and N-C,-C, acyl 

20 tyrosyl; 

the Xaa' and Xaa' groups are a-amino acid 
residues that together form a sulfide or disulfide 
bond in a chain that contains 3 to about 6 atoms, 
including at least one sulfur atom between the a- 
carbons of the two Xaa groups, and in which Xaa' has a 
C-terminal carboxamide group, or the C-terminal 
carboxyl is replaced by hydrogen; 

Z is absent, or a peptide selected from the 
group consisting of Pro-Glu-Leu, Phe-Leu, Glu-Phe- 
Leu, Pro-Glu-Phe-Leu (SEQ ID NO:29), and Gly-Pro-Glu- 
Phe-Leu (SEQ ID NO: 30); and 

y is absent. Pro, or that is a peptide 
selected from the group consisting of Pro-Ser, Pro- 
Ser-Thr and Pro-Ser-Thr-Val (SEQ ID NO: 31); 

with the provisos that: 
(i) R is R' when Z is absent, and 
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(ii) is selected from the group 
consisting of phenylacetyl/ benzoyl, N-Cj-C^ acyl 
phenylalanyl and N-C1-C4 acyl tyrosyl when the two Xaa 
residues are separated by two amino acid residiies. 
5 Preferably, Xaa^ and Xaa^ form a disulfide 

bond and Xaa^ has a carboxy-terminal carboxamide group 
so that a cyclic peptide of formula I reduces to a 
cyclic peptide of formula la, shown below, 

10 R-Xaa-Z-Asp-Phe-Y-Xaa-NHj (SEQ ID NO: 4-28) la 

wherein 
R is 

(a) R^ that is (i) absent so that the 

15 peptide is terminated by the free a-amine of Xaa or 

(ii) a Cj-C^ acyl moiety, or 

(b) R^ that is selected from the group 
consisting of phenylacetyl, phenylalanyl and N-Cj-C^ 

acyl phenylalanyl; 
20 at least one Xaa is an oxidized cysteine 

and the other Xaa is an oxidized cysteine, 
homocysteine or penicillamine residue such that the 
two Xaa/ s together form a disulfide bond; 

Z is absent, or a peptide selected from the 
25 group consisting of Pro-Glu-Leu, Phe-Leu, Glu-Phe- 

Leu, Pro-Glu-Phe-Leu (SEQ ID NO: 29), and Gly-Pro-Glu- 
Phe-Leu (SEQ ID NO: 30); and 

y is absent. Pro, or that is a peptide 
selected from the group consisting of Pro-Ser, Pro- 
30 Ser-Thr and Pro-Ser-Thr-Val (SEQ ID N0:31); 

with the provisos that: 

(i) R is R^ when 2 .is absent, and 
(ii) R^ is phenylacetyl or N-Cj-C^ acyl 
phenylalanyl when the two Xaa residues are separated 
35 by two amino acid residues; i.e., when both Z and Y 

are absent. 
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A cyclic peptid of formula I or la, as 
well as those of formulas II and III below, is water 
soluble and inhibits the binding of Jurkat cells 
(ATCC TIB 152) to a solid phase-bound peptide of SEQ 
ID N0:1 in an in vitro assay in an aqueous buffer at 
a pH value of 7.2-7.4 to an extent that is about 5- 
to about 600-fold better (more potent) than the 
inhibition in said binding exhibited by a peptide of 
SEQ ID NO: 3. 

Examining formulas I and la, it is seen 
that only the Asp of the CS-1 (SEQ ID N0:1) and B12 
(SEQ ID NO: 2) fibronectin peptides is required to be 
present, as is a Phe residue that is not present in 
either CS-1 or B12. In addition to that two-residue 
sequence, the sequence/structure of a contemplated 
inhibitor peptide and the CS-1 or B12 portions can be 
similar, although a contemplated peptide here is 
cyclic, whereas the CS-1 and B12 peptides are linear. 
Still further, a most preferred cyclic inhibitor 
peptide is quite different in sequence from a CS-1 or 
B12 peptide. 

In examining formulas I and la it is also 
seen that the N-terminal R group can be an R' group 
that is absent so that the N-terminus of a cyclic 
25 peptide is the free a-amine of the Xaa' residue. R 

can also be an R' group that is a C,-C ^i-vt -rtoi-*-" or 
a aait thereof. Exemplary C,-C« acyl moieties include 
formyl, acetyl (which is preferred), propionyl, n- 
butanoyl end iso-butanoyl . 

As already noted, an R group can also be an 
group. An r' group is selected from the group 
conbisting of phenylacetyl , phenylalanyl and N-C^-C, 
acyl phenylalanyl. 

As is noted in the above provisos, R is r' 
when 2 is abs nt. In addition, when there are only 
two residues between the two Xaa residues of a cyclic 
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peptid inhibitor, is further defined as being 
phenylacetyl or N-Cj-C^ acyl phenylalanyl . 

ThQ above definition and pro>/isos do not, 
of course, preclude R from being when Z is present, 
5 nor preclude R^ from being phenylalanyl (Phe) when 

there are more than two residues between the two Xaa 
residues* 

Z in an above formula can also be absent, 
in which case "R-Xaa^" or "R-Xaa" is peptide-bonded 
10 directly to the depicted Asp residue, Z is absent in 

the most potent cyclic peptide inhibitor thus far 
examined, and that peptide and similar peptides can 
be considered to be further deletion analogues of CS- 
1 or B12. 

15 In other embodiments, Z is a di-, tri-, 

tetra- or pentapeptide that is selected from the 
group consisting of Pro-Glu-Leu, Phe-Leu, Glu-Phe- 
Leu, Pro-Glu-Phe-Leu (SEQ ID NO:29), and Gly-Pro-Glu- 
Phe-Leu (SEQ ID NO:30), The di- through pentapeptide 

20 of a Z group is peptide bonded at both termini 

between "R-Xaa^" or "R-Xaa" and the Asp residue* 

When Z is present, the Z-Asp portion of a 
cyclic inhibitor peptide can be considered to be a 
substitution analog of the corresponding portion of a 

25 CS-1 or B12 peptide because the lie residue present 

between the Glu and Leu residues of those VIiA-4- 
binding peptides is replaced by a Phe residue here* 
That this Phe for lie substitution is effective is 
surprising in view of the larger side chain of Phe as 

30 compared to lie* 

A Y group can also be absent from a cyclic 
inhibitor peprxae, which is most preferred and also 
provides a further deletion from a CS-1 or B12 
peptide* Y can also be a prolyl residue (Pro), which 

35 is preferred, or a di-, tri- or tetrapeptide that is 

selected from the group consisting of Pro-Ser, Pro- 
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S r-Thr and Pro-Ser-Thr-Val (SEQ ID NO: 31) and is 
sometimeB referred to herein as Y^. 

Thus,, the Asp-Phe-Y- portion of a cyclic 
inhibitor peptide can be viewed as both a 
substitution analogue of a CS-1 and B12 peptide 
because of the substitution of Val with Phe, and a 
deletion analog of those peptides because of the 
relative shortness of a contemplated peptide compared 
to peptide CS-1 or B12 • Valine (Val) is even of 
smaller size than lie, so that successful 
substitution of the much larger Phe side chain for 
the smaller Val side chain was again unexpected. 

Formulas I and la contain two Xaa residues 
or Xaa^ and Xaa^ groups that are a-amino acid residues 
15 that together form a sulfide or disulfide bond in a 

chain (bridge) that contains 3 to about 6 atoms, 
including at least one sulfur atom, between the a- 
carbons of the two Xaa groups. The group Xaa^ has C- 
terminal carboxeunide [-C(0)NH2)] group or the C- 
20 terminal carboxyl is replaced by hydrogen. 

Thus, the two Xaa groups each contain an a- 
carbon atom and there is a sulfur atom-containing 
chain or bridge of atoms between those a-carbon 
atoms. The sulfur-containing chain can contain one 
25 sulfur atom as where a sulfide bond is present in 

lanthionine, or can contain two sulfur atoms of a 
disulfide bond as in cystine. 

Chains of varying lengths that contain a 
disulfide bond can be formed by the oxidation of 
30 mercaptan-containing residues such as cysteine, 

homocysteine or penicillamine- Chains of varying 
length that contain a sulfide bond can be formed by 
reaction of one of the above mercaptan-containing 
r sidues, with an appropriately blocked 3-, y- or K- 
35 leaving group-containing amino acid such as 2-N-t- 

* 

Boc-amino-3-O-raethanesulf onylpropionic acid, 2-N- 
succinimido-4-bromobutyric acid or 2-N-succinimido-5- 
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iodipentanoic acid in a polar solvent in the presence 
of an excess of a non-nucleophilic base such as 4- 
dimethylaminopyridine or 1,8- 
bis ( dimethylamino ) naphthalene • 
5 Preferably, a disulfide bond is present in 

the chain, and the Xaa groups are oxidized cysteine, 
homocysteine or penicillamine residues. More 
preferably, at least one Xaa is an oxidized cysteine 
(Cys) residue. The other Xaa residue is another 
10 oxidized cysteine, an oxidized homocysteine or 

oxidized penicillamine residue so that the two 
oxidized Xaa residues together form a disulfide bond* 
It is more preferred that both Xaa residues be 
oxidized Cys residues so that a cystine, disulfide- 
15 containing, residue is present. 

A cyclic inhibitor peptide of formula I, 
and the other formulas herein, preferably contains a 
carboxy- terminal (C-terminal) carboxamide [-CCOjNHj] 
group* However, a C-terminal carboxamide groups of a 
20 cyclic inhibitor peptide can be replaced by hydrogen. 

When the C-terminal carboxamide group so replaced by 
hydrogen, Xaa^ is not strictly speaking an "amino acid 
residue". However, such a Xaa^ will be treated as an 
amino acid residue here for ease of discussion. 
25 Exemplary cyclic inhibitor peptides in which the 

C-terminal carboxamide group is replaced by hydrogen 
are illustrated xn Table 1, hereinafter, below the 
entries for SEQ ID NO: 36 and SEQ ID NO: 21. 

A contemplated cyclic inhibitor peptide 
30 inhibits the binding of inflammatory cells that 

contain the VIiA-4 receptor [Jurkat cells (American 
Type Culbure Collection, Rockviiie, MD 20852, ATCC 
TIB 152)] to the solid phase-bound CS-1 peptide (SEQ 
ID N0:1) in an aqueous buffer at pH 7.2-7.4 to an 
35 extent that is about 5-fold to about 600-fold better 

than that binding exhibited by the standard 10-mer 
peptide of SEQ ID NO: 3 [GPEILDVPST in single letter 
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code). More pr ferably that binding is inhibit d by 
about 50- to about 600-fold, and most preferably by 
about 100- to about 600-fold better than that 
exhibited by the standard 10-mer. 

Binding inhibition is measured here as a 
concentration of peptide that inhibits one-half the 
binding between a standard number of Jurkat cells and 
a standard amount of CS-1 peptide bound to the 
surface of a microtiter plate well. Those 
concentrations are conveniently expressed as ic^o 
values, smaller numbers indicating a lower 
concentration required to inhibit 50 percent binding 
and therefore greater potency. Further specifics of 
this assay are provided hereinafter. 

To recapitulate, a cyclic peptide of 
formula I inhibits binding between the CS-1 peptide 
region of fibronectin and the VLA-4 receptor. Those 
inhibitors that are about five-times better 
inhibitors than the standard 10-mer peptide of SEQ ID 
NO: 3 are contemplated here, each of the cyclic 
peptides of formulas I, above, and II and III, below, 
is at least about five times more potent (better) 
than the standard 10-mer. 

In more preferred practice, a cyclic 
peptide inhibitor contains two to five residues 
between the two Xaa residues in that such cyclic 
peptides exhibit a greater potency in inhibiting 
binding between VLA-4 -expressing cells and the 
standard 10-mer peptide of SEQ ID NO: 3. The reason 
for the noted enhanced potency is unknown, but may be 
due to a reduction in the rotational and/or 
vibrational degrees of freedom present in those 
molecules with fewer residues between the Xaa 
residues that tends to restrict the inhibitor peptide 
in a conformation that is relatively more favorable 
for binding inhibition. These more preferred 
molecules typically exhibit binding inhibition 
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potencies that ar about 50 to about 600 times that 
exhibited by a peptide of SEQ ID NO: 3 in the standard 

in vitro assay* 

Such a more preferred cyclic peptide 

5 ^ corresponds to formula II, below, 

R-Xaa-Z'-Asp-Phe-Y^-Xaa-NHj (SEQ ID NO: 5-7, 9-12) II 



wherein 
10 R is 

(a) that is (i) absent so that the 
peptide is terminated by the free a-amine of Xaa or 
(ii) a acyl moiety, or 

(b) R^ that is selected from the group 

15 consisting of phenylacetyl , phenylalanyl and N-Cj-C^ 

acyl phenylalanyl; 

at least one Xaa is an oxidized cysteine 
and the other Xaa is an oxidized cysteine, 
homocysteine or penicillamine residue such that the 
20 two Xaa's together form a disulfide bond; 

is absent or Phe-Leu; and 
is absent. Pro, Pro-Ser or Pro-Ser-Thr; 
with the provisos that: 
(i) R is R^ when 2^ is absent, and 
25 (ii) R^ is phenylacetyl or N-Cj-C^ acyl 

phenylalanyl when the two Xaa residues are separated 
by two amino acid resiaues. 

As is seen above, R and Xaa are defined for 
a cyclic peptide of formula II as they were for an 
30 inhibitor peptide of formula la, as are the provisos 

the same. The Z and Y moieties are, however, more 

limited and are thexrefox'e dexined as Z' and Y in a 

cyclic peptide of formula II for greater clarity. 

A still more preferred cyclic peptide 
35 corresponds in sequence to a peptide of formula III 

b low 
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R^-Cya-Ph -L u-Asp-Ph -Y^-Cys-NH, (SEQ ID NO: 10-11) 
III 

wherein 

the two Cys residues are oxidized to form a 
cystine residue; 

R is a Cj-C^ acyl moiety or absent so that 
the peptide is terminated by the free a-amine of the 
oxidized Cys residue; and 

Y' is Pro or Pro-Ser. 

Thus, a still more preferred cyclic peptide 
inhibitor contains two oxidized Cys residues that 
form a cystine residue, as well as having a Phe-Leu 
sequence between the N-terminal Cys and the Asp 
residue. These cyclic peptide inhibitors also 
include a Pro or Pro-Ser sequence as Y' between the 
Phe and C-terminal Cys residues. These still more 
preferred cyclic peptide inhibitors exhibit a 
relative potency that is about 100 to about 300 times 
greater than that exhibited by the standard 10-mer 
peptide of SEQ ID NO: 3 in the in vitro assay 
discussed before. 

The presently most preferred and most 
potent peptide inhibitor is a single peptide 
25 corresponding to formula IV 



15 



20 



30 



t/iienylacetyl-Cys-Asp-Phe-Cys-NHj iv 

(SEQ ID NO: 4) 



wherein the two Cys residues are oxidized form a 
disulfide-containing cystine residue. This most 
prcfcrrsd cyclic inhibitor peptide is about 500-600 
times more potent in inhibiting binding between the 
CS-1 peptide and Jurkat cells than is the standard 
35 10-mer of SEQ ID NO: 3. 

Ex mplary cyclic inhibitor peptides are 
listed in Table 1 below using single letter 
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abbreviations along with their in vitro binding 
inhibition potencies toward Jurkat cells relative to 
the standard .peptide of SEQ ID NO: 3. 
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Table 1 

Potencies of Cyclic Peptide Inhibit-.nrfl 
tfftW riWi Sequenge Relative 

Potency 

5 4 <t)AcCDFC-NH2 ^ 954 

10 CFLDFPC-NHj 254 

10 AcCFLDFPC-NRj ^ 135 

32 FCDFPC-NHa 131 

11 CFLDFPSC-NHj 122 
^0 — 0ACJDFC-NH2 ^'^ 94 

12 CFLDFPSTC-NH2 81 

34 AcFCDFC-NHj ^ 53 

35 AcFCDFC-NHj 41 

33 CPEFLDFPC-NH2 31 

CPEFLDFPSC-NH2 3 1 

15 CEFLDFPC-NHj 19 

13 CFLDFPSTVC-NHj 19 

cDAcCDF-NHCHjCHj- 16 

17 CEFLDFPSTC-NH2 9 

20 Z4 CGPEFLDFC-NHj 9 

16 CEFLDFPSC-NH, 6 
21 CPEFLDFPSC-NHj ' 6 

<pAcJDFc-NH2 ^'^'^ 4 
37 FCDFC-NHj 
25 38 ILDVPILDVP-NH2 * 

39 ILDFP-NHj * 2 

4 0 CLDFC-NHj 1 

41 AcFCDCP-NHj ^ 1 

3 GPEILDVPST 1 

30 42 FCDCP-NE3 



15 36 



3 
2 



<1 

AcLDV-NHj ^ <i 

AcLDF-NHj ^ <i 



43 SFDFS-NHj * <1 

LDV-NHj * 0 
^5 — LDF-NHj ' 0 
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* All peptides are cyclized via a disulfide bond 
unless 

otherwise indicated. Peptides having no depicted 
substituent. on the N-terminal cuoino acid residue 
5 contain a free a-amino group. 

^ <t)Ac = phenylacetyl . 

^ Ac =• acetyl. 

^ J » penicillaminyl ♦ 

^ c = D-Cys. 

10 ' Unoxidized, straight chain peptide. 

* Straight chain peptide. 

' The Cys mercaptyl sulfur atom is bonded to the free 
valence of the terminal methylene group to form a 
chain with a sulfide bond. 

15 

The data of Table 1 illustrate the before- 
discussed provisos and preferences in sequence. For 
example, those data for cyclic peptides of SEQ ID 

20 NO'S: 10 and 15 show that two oxidized Cys residues 

are preferred over only one Cys and one other 
mercaptan-containing residue, although the exchange 
of one oxidized penicillaminyl residue for one 
oxidized Cys in the most preferred cyclic peptide 

25 inhibitor still provided an inhibitor that was about 

lOO-tiines as potent as the standard, open chain 10- 
mer of SEQ ID NO: 3. 

The data for the peptides of SEQ ID NO'S: 4, 
34, 24, 38 and 41 and compound OAcJDFC-NHj illustrate 

30 the importance or R oexng an group when Z or is 

absent. Those data and the remaining data illustrate 
that R can be either an R^ or an R' group when Z or Z* 
are present. 

The data for the peptides of SEQ ID N0*S:4, 

35 34 and 38, and compound OAcJDFC-NH, illustrate the 

importance of an R^ group being phenylacetyl or N-Cj- 
C4 acyl phenylalanyl for molecules in which th two 
Xaa residu s are separated by two amino acid 
residu s. 
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Tabl 1 still further illustrates the 
before-stated general preference for relatively 
shorter rather than longer sequences. Thus, all but 
one of the inhibitors that exhibited a relative 
potency of about 50 or greater contained a total of 
six or fewer residues. Contrarily, all but one of 
the peptide inhibitors that exhibited a relative 
potency of less than about 50 contained seven or more 
residues, or did not fulfill the requirements of a 
proviso, or did not contain a terminal carboxamide 
group . 

The data of Table 1 also illustrate the 
unexpected enhancements in binding inhibition 
exhibited by an inhibitor peptide contemplated herein 
as compared to other peptides of the art. For 
example, the Leu-Asp-Val (LDV) peptide stated as 
being a minimal peptide required for binding of the 
VLA-4 receptor in WO 93/12809 exhibited a relative 
inhibitory binding activity of about 1 as the N- 
acetyl C-eunide derivative and zero as the N-free 
amine C-amide as compared to the peptide of SEQ ID 
NO: 3. Similar results were observed with Leu-Asp-Phe 
(LDF) that is not disclosed in that published 
application, but can be present in a cyclic peptide 



The chemical structure of exemplary cyclic 
inhibitor peptides are shown in Table 2 below. The 
i n Y i tCQ binding inhibition potencies toward Jurkat 
cells relative to the standard peptide of SEQ ID NO: 3 
and the molecular ion mass spectroscopy data of such 
peptides are also shown in Table 2. 
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Cyclic Compound Structure and Potency 
structure Molecular ion Relative Potency 
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structure Molecular ion Relative Potency 
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structure 



Molecular Ion Relative Potency 
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A preferred cyclic inhibitor peptide has 
the following formula: 





(CRioRn)s 

(^^12^13)1 



10 



15 



20 



In such a formula, 2 is a linker group 
selected from the group consisting of -S-S-, -NH- 
C(0)-, -S-, and -C(0)-NH-. X„ is 0 to about 6 amino 
acids and subscript m is 0 to 5. R, is a phenyl, 
pyridyl or thiophenyl group optionally substituted by 
one or more lower alkyl, to C, alkoxy, halo, amino, 
to C, acylamino or nitro groups. The subscripts o, 
p, q, r, s, and t are, independently, 0 or 1 and R,, 
^3* Rj* R«* R?/ ^10/ Rijf and Rj, are, 

independently, a hydrogen atom or a lower alkyl or 
phenyl group. Rj^ is a hydrogen atom or a primary 
amide, carboxylic acid, lower alkyl eater, thiolo 
ester or mono or dihydroxy lower alkyl group. R.3 is 
a phenyl, pyridyl, cyclohexyl, thiophenyl or primary 
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amide group or a lower alkyl group optionally 
substituted by a phenyl, pyridyl, cyclohexyl, 
thiophenyl or. primary amide group wherein the lower 
alkyl group is a to C, alkyl straight or branch 
5 chain moiety or a salt or racemic mixture tnereof • 

The immediately above cyclic inhibitory 
peptide wherein subscripts o and r are each 1, p, q, 
Sr and t are 0 and R,, R,, Rg, and R, are, 
independently, a hydrogen atom or a lower alkyl group 
10 is preferred • Further, the above cyclic inhibitory 

peptide wherein X„ is 0 is also preferred. 

A preferred cyclic inhibitor peptide also 
has the following formula; 

15 



20 



25 




30 

Where subscript subscript m is 0 to 5 and R^ 
is a phenyl, pyridyl or thiophenyl group optionally 
substituted by one or more lower alkyl, Cj to 
alkoxy, halo, amino, to C5 acylamino or nitro 
35 groups. Subscript o and r are, independently, 0 or 1 

and Rj, R3, Rg, and R, are, independently, a hydrog n 
atom or a lower alkyl group. R^^ is a hydrog n atom 
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10 



15 



or a primary amide, carboxylic acid, lower alkyl 
ester, thiolo ester or mono or dihydroxy lower alkyl 
group. R„ is a phenyl, pyridyl, cyclohexyl, 
thiophenyl or primary eunide group or a lower alkyl 
group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group wherein 
the lower alkyl group is a C, to C, alkyl straight or 
branch chain moiety or a salt or racemic mixture 
thereof. 

The immediately above-cyclic inhibitory 
peptide wherein subscript m is 1, is a phenyl, 
pyridyl or thiophenyl group, subscript o and r are 
each 1, R,, Rj, and R, are, independently, a 

hydrogen atom or a methyl group and R,, is a lower 
alkyl group optionally substituted by a phenyl, 
pyridyl, cyclohexyl, thiophenyl or primary amide 
group is also preferred. 
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A preferred cyclic inhibitor peptide 
also has the following formula: 



10 



15 



20 




0 

Where subscript m is 0 to 5 and is a 
phenyl, pyridyl or thiophenyl group optionally 
substituted by one or more lower alkyl, to 

30 alkoxy, halo, amino, to C, acylamino or nitro 

groups* Subscript o and r are, independently, 0 or 1 
and R,, R,, Rg, and R, are, independently, a hydrogen 
atom or a lower alkyl group* R^^ is a hydrogen atom 
or a primary eunide, carboxylic acid, lower alkyl 

35 ester, thiolo ester or mono or dihydroxy lower alkyl 

group. Rj5 is a phenyl, pyridyl, cyclohexyl, 
thiophenyl or primary 2anide group or a lower alkyl 
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10 



group optionally substitut d by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group whereij 
the lower alkyl. group is a to C, alkyl' straight or 
branch chain moiety or a salt or racemic mixture 
thereof. 

The immediately above-cyclic inhibitory 
peptide wherein subscript m is 1, R, is a phenyl, 
pyridyl or thiophenyl group, subscript o and r are 
each 1, R^, and R, are, independently, a 

hydrogen atom or a methyl group and R,, is a lower 
alkyl group optionally substituted by a phenyl, 
pyridyl, cyclohexyl, thiophenyl or primary amide 
group is also preferred. 
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A preferr d cyclic inhibitor peptide 
also has the following formula: 




Where subscript m is 0 to 5 and is a 
phenyl, pyridyl or thiophenyl group optionally 
5 substituted by one or more lower alkyl, Cj to Cj 

alkoxy, halo, amino, to acylamino or nitro 
groups. Subscript o and r are, independently, 0 or 1 
and Rj, R3, R^, and R, are, independently, a hydrogen 
atom or a lower alkyl group. R^^ is a hydrogen atom 

10 or a primary amide, carboxylrc ^r^-^d, lower alkyl 

ester, thiolo ester or mono or dihydroxy lower alkyl 
group. is a phenyl, pyridyl, cyclohexyl, 

thiophenyl or primary amide group or a lower alkyl 
group optionally substituted by a phenyl, pyridyl, 

15 cyclohexyl. thiophenyl or primary amide group 

wherein the lower alkyl group is a to C5 alkyl 
straight or branch chain moiety or a salt or racemic 
mixture thereof . 

The immediately above-cyclic inhibitory 

20 peptide wher in subscript m is 1, Rj is a phenyl, 

pyridyl or thiophenyl group, subscript o and r are 
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each 1, Rj, Rj, Rg^ and R, are, ind pendent ly, a 
hydrogen atom or a methyl group and R,, is a lower 
alkyl group optionally substituted by a phenyl, 
pyridyl, cyclohexyl, thiophenyl or primary amide 
group is also preferred. 

In addition to being more potent than the 
CS-1 or standard 10-mer peptides, a contemplated 
cyclic inhibitor peptide is relatively more stable in 
serum that is the CS-1 peptide. Thus, the cyclic 
inhibitor peptide at SEQ ID NO: 4 exhibited no loss of 
potency after 24 hours in PBS at 7.2-7.4 that also 
contained 10 percent mouse or human serum. 
Contrarily, the CS-1 peptide lost its potency in less 
than one hour under the same conditions. 

The straight chain polypeptides disclosed 
in jointly assigned, co-pending application Serial 
No. 08/164,101, filed December 6, 1993, were also 
assayed for their inhibition of CS-1 binding to VUV-4 
and were found to be superior to CS-1 or the 10-mer 
standard used herein. When those peptides were 
assayed for the inhibition of binding of VLA-4 to 
recombinant, soluble VCAM-1 (sVCAM-1), their relative 
binding inhibition was about the same to worse when 

compared their CS-1 inhibitions, as is shown in Fig. 
25 1. 



15 



20 



30 



35 



Binding inhibition stud:..-'? :2t--.? 
using a herein contemplated cyclic inhibitor peptide 
such as previously discussed most preferred compound, 
showed an unexpected reversal of relative binding 
potencies. Thus, the best straight chain peptide of 
application Serial No. 08/164,101, having the 
sequence (|)AcLeuAspPhe-morpholinamide (XLDFZ) 
inhibited binding by CS-1 about 844-times more 
potently than did the Standard 10-mer of SEQ ID NO: 3. 
R lative to the Standard 10-mer, the inhibition 
potencies of that XLDFZ peptide, the XLDFp and the 
most preferred cyclic peptide of SEQ ID NO: 4 were 
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about 844:313:563, respectively. Relative to ach 
other, those ratios become about 2.7: 1:1. 8. When 
compared against each other for inhibiting Jurkat 
cell binding to solid phase-bound sVCAM-1, the 
5 relative potencies were about 1.3: 1:3.8, 

respectively. Thus, the illustrative cyclic peptide 
exhibited about two-thirds the potency of the best 
linear peptide for inhibiting Jurkat cell binding to 
CS-1, and about 3 times the potency of that saune 

10 linear peptide when used as an inhibitor of Jurkat 

cell binding to sVACM-1. 

Interestingly, peptides of the formulas 
<t)AC-LeuAspSer-D-Pro (XLDSp) and SEQ ID NO: 3 that 
exhibited relative binding inhibitions between Jurkat 

15 cells and solid phase-bound CS-1 of about 17 and 1, 

respectively, exhibited no inhibition of binding 
between solid phase-bound sVCAM-1 and Jurkat cells. 
Similarly, neither the cyclic peptide of SEQ ID NO: 10 
nor the cyclic 0AcCDF-NHCHjCH2- peptide that were 

20 excellent inhibitors of binding to CS-1, exhibited 

inhibition of Jurkat cells binding to sVCAM-l. 

A sVCAM-l/VIiA-4 inhibition thus appears to 
have somewhat different, and unpredictable 
requirements from inhibition of binding to CS-1 to 

25 VLA-4. 



B. Syntheses 

The contemplated inhibitors are peptides or 
peptide derivatives, and as such, can be readily 

30 synthesized using well known synthetic methods. 

[Jones, J. Amino Acid and Peptide Syntheia. Oxford 
University Press, Oxford, 1992, and Bodansky, M. 
Principles of Peptide S ynthesis , Springer-Verlag , 
B rlin, 1984, which are herein expressly incorporated 

35 by reference]* Specific synthetic examples are 

provided h reinafter. 
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— ml 

AA^^ C • 



Standard solid phase synthesis was used 
une ly-protected, C-tenninal residue was 
linked to a solid support having a benzhydrylamine or 
benzhydryl alcohol substituent. Rnoc-amine blocking 
groups were used in these syntheses, although t-Boc, 
CB2 or other blocking groups can also be used with 
other solid supports. Upon deblocking the Pnoc group 
With piperidine, another residue was coupled. That 
coupling was followed by further deblocking, 
coupling, deblocking etc. steps until a solid phase- 
Ixnked peptide of desired sequence was prepared. As 
appropriate to each peptide, an N-terminal R group 
was added after a final N-deblocking step. The 
desired peptide and some accompanying functional 
group protecting groups were removed from the solid 
support by reaction with trif luoroacetic acid (TFA) 
This procedure results in a C-amide-terminated 
peptide when a benzhydrylamine solid support is used. 
This procedure can be performed prior to or following 
the cyclization reaction described below. 

Contemplated peptides can also be prepared 
using t-Boc N-protecting groups and another solid 
support, or a benzylamino-substituted solid support 
to which a B-hydroxymethylphenylcarboxyl (PaM) group 
xs first reacted with the amine of the support to 
form a --.rboxam.ide The hydroxyl group is then used 
to form an ester link to the first peptide and 
standard t-Boc synthetic technology is thereafter 
followed. Reaction of the completed, deprotected 
solid phase-linked peptide with ammonia provides the 

In other embodiments, liquid phase peptide 
syntheses can be utilized. For example, a C-amido 
N-free amino group-containing amino acid derivative 
is coupled in solution to th carboxyl of a 
t-Boc-protected residu using a carbodiimide . The t- 
Boc protecting group is r moved from the resulting 
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dlpeptide with acid, a further t-Boc-protected 
residue is similarly added, followed by similar 
deblockings and further additions. The N-terminal R 
group such as phenylacetic acid is added after the 
5 last t-Boc removal step and the synthesis is 

completed, except for deprotecting the Asp residue. 
That step is carried out by catalytic hydrogenation 
where a benzyl ester protecting group was used. 

Cyclization can be carried out in a number 

10 of different ways. Cyclic disulfides can be formed 

by oxidation of the fully deprotected thiol- 
containing peptide, using oxygen, potassium 
f erricyanide, or other oxidant (Introduction to 
Cleavage Techniques, published by Applied Biosystems, 

15 1990), or by the iodine or thallium trif luoroacetate 

oxidation of the peptide in which the thiol groups 
are protected with a benzyl, trityl, acetamidomethy 1 , 
or other similar protecting group. The oxidation can 
be performed on either the resin-linked or free 

20 peptide. The sulfhydryl protecting groups are 

removed during the course of oxidative cyclization 
[Kamber et al., Helv. Chim. Acta. j014Jl: 899-915 
(1980), Albericio et al. Int. J. P eptide Protein 
EQ£Uf 37:402-413 (1991)]. 

25 Cyclic amides can be prepared by treatment 

of a suitably protected peptide with a condensir.c 
agent, such as diphenylphosphoryl azide, to form an 
amide bond in the cyclization step. The reaction can 
be carried out using resin-linked or free peptide 

30 [Y.-B. He, Z. Huang, K. Raynor, T. Reisine and M. 

Goodman, J. Amer. Chcm. Soe., 115:8066-8072 (1993)1. 

Cyclic sulfides are most conveniently 
prepared by an amide forming cyclization reaction of 
a sulfide containing peptide using standard 

35 procedur s. In a typical example, phenylac tyl-(S-2- 

aminoethyl )Cys-Asp(OBn) -Phe-OH was cyclized by 
treatment with diphenylphosphoryl azide in 
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dimethylformamide. Following standard work-up and 
purification, the hezyl ester side chain protecting 
group of the aspartic acid residue was removed by 
hydrogenolysis to give the desired cyclic sulfide 
tY.-B. He, 2. Huang, K. Raynor, T. Reisine and M. 
Goodman, supra ] . 

Regardless of the synthetic method used, an 
inhibitor peptide is typically recovered and purified 
prxor to use. Recovery and purification techniques 
are well known and will not be dealt with here. 

Salt forms of the cyclic inhibitor peptides 
can also be made using well known methods. A 
preferred salt is a pharmaceutically-acceptable salt. 
Such salts include salts formed with the organic and 
xnorganic cations such as those chosen from the 
alkali and alkaline earth metals, for example, 
lithium, sodium, potassium, barium and calcium; 
ammonium; and the organic cations, for example, 
dibenzlammonium, benzylammonium, 2- 
hydroxyethylammonium, bis { 2-hydroxyethyl ) ammonium, 
phenylethylbenzylammonium, and 
dibenzylethylenediammonium) . other cations 
encompassed include the protonated form of procaine 
quxnxne, N-methylglucosamine and basic amino acids.' 
A preferred cation for the carboxylate anion is 
sodium cation. 

Mass spectroscopy data confirmed the 
expected molecular weight of exemplary cyclic 
inhibitor peptides. The data was obtained using fast 
atom bombardment mass apectrcuistr-- TAB" 
electrospray mass spectrometry (Elect^spray) , or 
matrix assisted laser desorption mass spectroscopy 
(MALDI-TOF-MS) . 

was done using a VG ZAB-VSE 
double focusing high resolution mass spectrometer 
equipped with a cesium ion gun. The masB 
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spectrometer was manually tuned to a resolution of 
2000 (10% valley definition) with amplifier and 
multiplier gains of a million (300V). A 35 kev 
cesium ion beam was used as the fast ion beain and the 
5 accelerating voltage of the desorbed ions was 8 kV. 

The mass spectra were acquired using CSI for 
calibration; typically ten spectra were accximulated 
and averaged. Spectra were recorded with a Digital 
VAX station 3100 and the peaks were automatically 
10 centroided. A flat FAB sample holder was used. 

Standards having 98% or better purity were used. In 
a representative experiment, 10.0 micrograms of the 
sample in methanol was applied to 2.0 microliters of 
the matrix and the solvent was evaporated. The probe 
15 was inserted into the mass spectrometer and spectra 

accumulated and averaged. 

Electrospray mass spectroscopy was 
conducted on a API III PERKIN ELMER SCIEX triple- 
quadrupole mass spectrometer. Samples were 
20 introduced into the analyzer at a rate of 4.0 

pl/minute. The positive ions generated by the ion 
evaporation process entered the analyzer through an 
interface plate and a 100 jjm orifice, while the 
declustering potential was maintained between 50-250 
25 V (typically lOOV) to control the collision energy of 

the entering ions* 

MALDI-TOF-MS spectroscopy was performed on 
a Vesdec Inc. Voyager Biospectrometry workstation. 
Matrix Assisted ionization of a compound consists of 
30 mixing a dilute solution of a compound with a large 

excess of an appropriate matrix material. The sample 
is placed in the mass spectrometer and irradiated 
with a laser. The matrix gives off absorbed light 
en rgy which causes vaporization of the compound in 
35 the mass spectrometer. In a repr sentative 

experiment, the compound is prepared in a water and 
TFA solvent and appropriately diluted. The matrix 
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was the Alpha cyano-4-hydroxy-cinnainic acid, gentisic 

acid or sinaoinic ar-iH. tk^ i«« ._ , 

-».s»o«=jL wtxa dii «z xaser. 

The mass spectroscopy data of exemplary 

cyclic inhibitor peptides is shown in Table 2. 

^* Prodrug eyeliff peptiq^p g 

Prodrug cyclic peptides are transformed in 
XiXQ from compounds that do not necessarily bind the 
VLA-4 receptor in vitro to compounds having such 
binding activity in jcixfi. Chemical modifications of 
drugs that make prodrugs are known in the art and 
include, for example, esters of carboxylic acids or 
carboxyamide phosphonate groups. Moreover, the 
synthesis of prodrugs is by well known methods and 
wxll not be detailed here. See, for example, 
Bundraard, Design nf Proflmg^. Elsevier Sci«nr<o p.,k 
Co., N.y. (1985), and Prodr-„n. m^,,^ 
Sygtemn SYmpOfflHm / 168*" Annual Meeting, American 
Chemical Society, Atlantic City, N.J., Eds. T. 
Higuchi and V. Stella, ACS Symposium Serries 14, 
1975, which are herein incorporated by reference. 

A prodrug cyclic peptide also can be a 
cyclic peptide ester that increases blood levels, 
prolongs the efficacy or makes orally available the 
corresponding non-esterif ied form. Such ester groups 
include lower alkoxymethyl groups, for example, 
methoxymethyl, athoxymethyl and iso-propcxi7.r:i . i . 
Otner such ester groups include ot-(C, to C,, 
alkoxyethyl groups, for example, methyoxylethyl, 
ethoxyethyl, propoxyethyl and isopropoxyethyl; 
alkylthiomethyl groups, for example, 
methylthiomethvl . and •»"hVi 

dioxolen-4-methyl groups, for example, 2-oxo-l,3- 
dioxolen-4-ylmethyl; acyloxymethyl groups, for 
example, pivaloyloxymethyl ; ethoxycarbonyl-l-methyl 
group; a-acyloxy-a-substituded methyl groups; and (C, 
to C, alkyloxycarbonyloxy) ethyl groups. 

ComPOfli tions AnH p^^ 
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As noted elsewh re, immune system leukocyte 
effector or inflammatory cells such as monocytes, T 
cells and eosinophils bear the VLA**4 receptor on 
their cell surfaces. Those cells bind to the CS-1 
5 portion of fibronectin present on the surfaces of 

vascular endothelial cells at an early step in 
inflammatory cell emigration (trafficking) from the 
blood in the tissues* These inflammatory cells 
immunoreact with monoclonal antibody P4C2 discussed 
10 in Wayner et al . , J. Cell. Biol, . IM: 1321-1330 

(1989), Wayner WO 98/12809, Hemler et al, J. Biol. 
CkfiHU, 2fi2X24i: 11478-11485 (1987) and monoclonal 
antibody HPl/2 of Lobb WO 93/13798 published July 22, 
1993. 

15 Once in the tissues, the inflammatory cells 

enhance the inflammatory response through one or more 
of several mechanisms. In one mechanism, cytokines 
and chemoattractants such as interleukin-10 (IL-13), 
IL-2, tumor necrosis factor a (TNFa) and lymphocyte- 

20 derived chemot actio factor are released by the 

inflammatory cells and cause further inflammatory 
cells to emigrate to the area. In another mechanism, 
the inflammatory cells mis-recognize cells of the 
mammal with the inf laimmatory disease state as being 

25 non-self and attack those cells, killing them. These 

and other mechanisms of immunoinf lammatory response 
enhancement are wexj. xnowu co SKxlled workers and 
need not be further elaborated upon here. The 
fibronectin CS-1 peptide thus mediates inflammatory 

30 disease states by assisting emigration of 

inflammation-enhancing effector cells from the blood 
into the tissues. 

A before-discussed cyclic inhibitor peptide 
blocks binding between CS-1 and VLA-4, and inhibits 

35 the r suiting emigration of inflammatory c lis 

bearing VLA-4 receptors into th tissues, and th 
xacerbation of the inflammatory condition that 
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results. That inhibition of emigration of 
inflammatory cells results in a reduction of the 
fibronectin CS-;L/VLA-4 -mediated inflammatory response 
caused by those inflammatory cells, and thereby 
reduces the observed inflammation. 

Particular inflammatory disease states that 
are mediated by CS-1 and VLA-4, and in which a 
contemplated inhibitor peptide can diminish 
inflammation are quite broad. Illustrative of those 
types of inflammation are asthma, arthritic 
conditions such as rheumatoid arthritis and 
osteoarthritis, allograft rejection, various types of 
skin inflammation, and demyelinating diseases of the 
central nervous system. 

Specific pathological inflammatory 
conditions in which expression of CS-1 has been found 
to be implicated and where no such expression is 
observed in absence of a pathological condition 

i.e., in normal tissue) include: rheumatoid 
arthritis (synovium), osteoarthritis (synovium), skin 
psoriasis, kidney transplant, asthmatic lung, and 
lymph node high endothelial venules (HEV) in humans, 
as well as in the gut of monkeys infected with SIV 
and those having inflammatory bowel disease, rabbits 
having asthmatic lungs and heart transplants, mouse 
brain in experimental autoimmune encephalc-rysliM- 
(EAE) and skin in delayed type hypersensitivity 
(DTH), and the joints of rats with induced arthritis. 

A pharmaceutical composition containing a 
before-discussed cyclic inhibitor peptide such as a 
peptide of formula I dissolved or dispersed in a 
phannaceutically acceptable carrier or diluent that 
is preferably aqueous is also contemplated for use in 
tr ating a CS-l/VIA-4 -mediated inflammatory diseas 
35 state such as those discussed before. Such a 

composition contains a CS-1 /VLA-4 binding-inhibiting 
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(an inf lammation-r ducing) amount of a before- 
discussed, contemplated cyclic inhibitor peptide. 



contemplates a phazTnaceutical composition that can be 
used in treating the aforementioned conditions. A 
contemplated pharmaceutical composition is comprised 
of a before-described cyclic inhibitor peptide such 
as a cyclic peptide of formula I that inhibits the 
binding interaction between VIiA-4 -containing 
leukocytes and the fibronectin peptide CS-1 portion 
expressed on endothelial cell surfaces, which peptide 
is dissolved or dispersed in a pharmaceutically 
acceptable diluent in a binding inhibitory 
(inflammation-reducing) cunount. A contemplated 
pharmaceutical composition is suitable for use in a 
variety of drug delivery systems. For a brief review 
of present methods for drug delivery, see ^ Langer, 



Sgience, 242:1527-1533 (1990). 

For a contemplated pharmaceutical 
composition, the dose of the cyclic peptide varies 
according to, e.g., the particular peptide, the 
manner of administration, the particular disease 
being treated and its severity, the overall health 
and condition of the patient, and the judgment of the 
prescribing physician or veterinarian. A 
pharmaceutical composition is intended for 
parenteral, topical, oral or local administration, 
such as by aerosol or transdermally , for prophylactic 
and/or therapeutic treatment. A pharmaceutical 
composition can be administered in a variety of unit 
dosage forms depending upon the method of 
administration. For example, unit dosage forms 
suitable for oral administration include powder, 
tablets, pills, capsules and dragees. 

Preferably, in one embodiment, a 
pharmaceutical composition is administ red 
parenterally such as intravenously, subcutaneously , 



Thus, the present invention also 
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intramuscularly or interperiton ally. Thus, a 
composition for intravenous administration is 
particularly contemplated that comprises a solution 
of a contemplated inhibitor peptide dissolved or 
dispersed in a pharmaceutically acceptable diluent 
(carrier) , preferably an aqueous carrier. A variety 
of aqueous carriers can be used, e.g., water, 
buffered water, 0.9 percent saline, buffered aqueous 
ethanol solutions and the like. These compositions 
can be sterilized by conventional, well known 
sterilization techniques, or can be sterile filtered. 
The resulting aqueous solutions can be packaged for 
use as is, or lyophilized, the lyophilized 
preparation being combined with a sterile aqueous 
15 solution prior to administration. A composition can 

contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological 
conditions, such as pH adjusting and buffering 
agents, tonicity adjusting agents, wetting agents and 
the -like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, triethanolamine 
oleate, etc. 

The concentration of cyclic inhibitor 
peptide utilized is usually at or at least about 
0.0001 percent to as much as about 0.1 percent by 
weight and is selected primarily by fluid volumes, 
viscosities, etc., in accordance with the particular 
mode of administration selected. 

Thus, a typical pharmaceutical composition 
for intravenous infusion can be made up to cont-.Ain 
250 .Til of sterile Ringer's solution normal saline or 
PBS, and up to about 2.5 mg of a cyclic inhibitor 
P ptide. Actual methods for preparing parenterally 
administrable compounds are known or apparent to 
those skilled in the art and are described in mor 
detail in for example, Remington' s Pharm^gft „ ^ j 
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gGiencea . 17th ed. , Mack Publishing Company, Easton, 
PA fl985K which is incorporated herein by reference. 

For solid compositions, conventional 
nontoxic solid diluents (carriers) can be used which 
5 include, for example, pharmaceutical grades of 

mannitol, lactose, starch, magnesium stearate, sodium 
saccharin, talcum, cellulose, glucose, sucrose, 
magnesium carbonate, and the like. For oral 
administration, a pharmaceutically acceptable 

10 nontoxic composition is formed by incorporating any 

of the normally employed excipients, such as those 
carriers previously listed, and generally 10-95 
percent of active ingredient, that is, a before- 
described inhibitor peptide preferably about 20 

15 percent Remington ' s , supra ^ , preferably using 

an enteric coating to pass a solid dose through the 
stomach and into the intestine* 

For aerosol administration, another 
preferred embodiment, a, contemplated cyclic inhibitor 

20 peptide is preferably supplied as a pharmaceutical 

composition in solution such as aqueous ethanol or 
DMSO solution along with a surfactant and propellant. 
Typical percentages of a cyclic inhibitor peptide are 
about 0.0001 percent to about 0.1 percent by weight, 

25 and preferably about 0.0001 percent to about 0.001 

percent The surfactant must of course, be nontoxic, 
and preferably soluble in the propellant. 
Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 

30 carbon atoms, such as caproic, octanoic, lauric, 

palmitic, stearic, linoleic, linolenic, olesteric and 
oleic acids with an aliphatic . poly hydric alcohol or 
its cyclic anhydride such as, for example, ethylene 
glycol, glycerol, erythritol, arabitol, mannitol, 

35 sorbitol, the hexitol anhydrid s derived from 

sorbitol, and the polyoxyethylene and 
polyoxypropylene derivatives of these esters. Mixed 
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atera, auch aa mixed or natural glycerides can be 
employed. The aurfactant can conatitn+-,. «k«„*. o i 
about 20 percent; by weight of the compoaition, and 
preferably about 0,25 to about 5 percent. The 
balixnce of the compoaition is ordinarily propellant. 
Liquefied propellanta are typically gaaea at ambient 
conditiona, and are condenaed under preaaure. Among 
auitable liquefied propellanta are the lower alkanea 
containing up to 5 carbona, such as butane and 
propane; and preferably fluorinated or 
fluorochlorinated alkanes. Mixtures of the above can 
also be employed. In producing the aerosol, a 
container equipped with a suitable valve is filled 
wxth the appropriate propellant, containing the 
finely divided compounds and surfactant. The 
ingredients are thus maintained at an elevated 
pressure until released by action of the valve. A 
pump-activated spray using air aa propellant 
(atomizer or nebulizer) is also contemplated. 

For example, for the treatment of asthma in 
rabbxts, the dose of a contemplated cyclic peptide is 
in the range of about 1 to 100 mg/day for a 2-3 kg 
animal. For a human asthma patient, that dose is in 
the range of about 1 to about 100 mg/day for a 70 kg 
patient. Administration for asthma is typically by 
aerosol from a nebulizer. Ideally, therapeutic 
aamr.i8tracion anouid oegin as soon aa posaible after 
the attack begina. 

A pharmaceutical composition containing a 
cyclic inhibitor peptide can be administered for 
prophylactic and/or therapeutic treatments. In 
therapeutic applications, a composition is 
administered to a patient already suffering from a 
dxsease, as described above, in an amount sufficient 
to inhibit binding between VLA-4 -expressing 
leukocytes and endothelial cells that express the CS- 
1 peptide portion; i.e., reduce inflammation and 
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thereby at least partially arrest the symptoms of th 
disease and its complications. An amount adequate to 
accomplish this is referred to as "therapeutically 
effective dose", or a "binding-inhibiting amount", or 
5 an "inflammation-reducing fiunount", or a "CS-l/VIiA-4- 

inhibiting amount", or by a similar phrase. Amounts 
effective for this use depend on the severity of the 
disease and the weight and general state of the 
patient, but generally range from about 1 mg/kg to 

10 about 500 mg/kg of cyclic inhibitor peptide per day, 

with dosages of from about 1 mg/kg to about 10 mg/kg 
of a compound per day being more commonly used. 

In prophylactic applications, a composition 
containing a contemplated peptide is administered to 

15 a patient susceptible to or otherwise at risk of a 

particular disease. Such an amount is defined to be 
a "prophylactically effeccive dose" and is also an 
amount sufficient to inhibit binding of VLA-4- 
expressing leukocytes to CS-1 peptide-expressing 

20 endothelial cells. In this use, the precise amounts 

again depend on the patient ' s state of health and 
weight, but generally range from about 1 mg/kg/day to 
about 500 mg/kg/day, more commonly from about 1 
mg/kg/day to about 20 mg/kg/day. 

25 Another way to assess a binding-inhibiting 

amount of a contemplated cyclic inhibitor peptide is 
to compare oinding inhibition exhibicea oy cne cyclic 
peptide to that provided by CS-1 or the 10-mer 
standard in an in vitro study. One convenient way to 

30 make that comparison is by use of IC^q values of the 

two compared materials, and base the amount used on 
the amount of CS-1 or standard 10-mer peptide and an 
£unount of the cyclic inhibitor peptide that is a 
multipl of the IC50 value for that r ference 

35 compound. 

Typically, a compound whose IC50 value is at 
1 ast about one-fifth that of the standard 10-mer 
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(five-times more potent), when us d at one-fifth the 
molar amount of the 10-mer standard is a useful 
binding-inhibiting amount. More preferably, the 
amount is about one-fiftieth the amount of the 10- 
mer. More preferably still, the amount is equal to 
about one-hundredth that of the 10-mer. Inasmuch as 
those amounts inhibit binding by about 50 percent, 
greater concentrations that inhibit binding still 
further are preferred! 

Thus, for in vitro use, a minimal CS-l/VLA- 
4-inhibiting amount is the IC,, value. For in vivo 
use, the CS-l/VLA-4-inhibiting amount usually used 
begins with the IC„ value concentration, and can 
decrease as required or one can increase to the 
solubility limit of the cyclic peptide in the 
utilized aqueous medium; i.e., the aqueous medium at 
pH 7.2-7.4 used such as normal saline where 
parenteral administration is used or intestinal fluid 
where oral administration is used. 

Single or multiple administrations of a 
composition can be carried out with dose levels and 
pattern being selected by the treating physician or 
veterinarian. in any event, a pharmaceutical 
composition is formulated to provide a quantity of a 
cyclic inhibitor peptide sufficient to effectively 
treat the patient. 

A process for treating fibronectin CS- 
l/VLA-4 -mediated inflammation is also contemplated. 
In accordance with such a process, a before- 
described, contemplated cyclic inhibitor peptide is 
administered to a mammal in need of such a treatment 
such as a mammal having such inflammation or 
prophylactically as prior to an allograft. This 
administration is preferably via a before-discussed 
pharmaceutical composition. The cyclic peptide is 
administered in an inflammation-reducing (CS-l/VLA-4- 
inhibiting) amount. The mammal such as mouse, rat. 



rabbit, monkey or hximan is maintained until the 
peptide is eliminated by a natural bodily process 
such as degradation and excretion. Multiple 
administrations in a single day, over a period of 
days or weeks, or for the life of the host mammal, 
where the mammal is the recipient of an allograft, 
are contemplated , as are single administrations • 

Methods for determining an amount 
sufficient to inhibit binding between CS-1 and VLA-4 
have already been discussed, particularly for in 
vitro studies. For in vivo uses, there are many 
published assays to determine if inflammation has 
been reduced by a particular treatment. For example, 
one can assess the number of painful joints in an 
arthritic patient or the patient ' s mobility before 
and after treatment. Reduction of effects of an 
asthma attack can be assayed by measurement of 
dynamic compliance or lung resistance in laboratory 
animals as is also well known. The £unount of edema 
observed in DTH is also readily measurable, as are 
the effects of allograft rejection or its absence 
compared to standard controls. 

Best Mode for Carrvino out the invention 

Example 1: Exemplary Solid Phase Peptide 

Svntheseg 

Fmoc protected amino acids, 
hydroxybenzotriazole (HOBt) and Rink amide MBHA resin 
were obtained from Nova Biochem, La Jolla, CA. 
Diisopropylcarbodiimide (DIG) was obtained from Chem 
Impex Inc., Chicago, IL. Piperidine was obtained 
from Aldrich Chemical Company, St. Louis, MO. 
Dimethylformamide (DMF) , isopropanol (IPA), 
dichlordmethane (DCM) , and dimethylacetamide (DMA) 
were obtained from Burdick and Jackson, Muskegon, MI. 
All of the above reagents were used as supplied by 
the manufacturer, with no further purification. 
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The standard d protection/coupling cycle 
iterated during this synthesis is described in terms 
of the first coupling of Fmoc-Cys (Trt ) to the Rink 
amide MBHA resin: The loading of the starting resin 
was 0.5-0.7 mmol/g polystyrene, and 0.1 or 0.25 meq 
were used in each synthesis. A typical reaction 
cycle proceeded as follows: (1) the N-terminal Pmoc 
group was removed with 25 percent piperidine in 
dimethyl formamide (DMF) for 5 minutes, followed by 
another treatment with 25 percent piperidine in DMF 
for 15 minutes. The resin was washed five times with 
DMF. An N-methylpyrolidone (NMP) solution of a 4 to 
10 fold excess of a pre-formed 1-hydroxybenzotriazole 
ester of the appropriate Fmoc-amino acid [Fmoc- 
15 Cys(Trt)] was added to the resin and the mixture was 

allowed to react for 30-90 minutes. The resin was 
washed with DMF in preparation for the next 
elongation cycle, 

20 Example 2: In Vitro Binding Aao^y.^ 

Jurkat cells (ATCC TIB 152), a human T 
lymphoblastic line, labeled with "chromium were used 
to assay in vitrg binding inhibition provided by 
various peptides discussed herein. Costar™ 96 well 
flat-bottom microtiter plates (catalog No. 9050, 
Cambridge, MA) were found to provide the best results 
in taeae assays. 

The plates were prepared as follows: The 
25-mer CS-1 peptide (SEQ ID N0:1) dissolved at 0.5-1 
;ig/ml in a buffer of O.lM NaHCO, at pH 9.5 that also 
contained 10 pg/ml of bovine serum albumin (BSA) or a 
conjuyate of the cs-1 peptide linked to ovalbumin 
(CS-l-OVA) dissolved at 1-2.5 ^g/ml in the same 
buffer was used as the substrate. Each well of the 
microtiter plates was coated with 50 ^1 of substrate 
or buffer alone for controls. The wells were 
permitted to dry out completely and were then rinsed 
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twice with PBS at pH 7.4. Non-specific binding sites 
of each well were then blocked using 200 ^1 per well 
of RPMI/1 pe^rcent BSA for two hours at room 
temperature. Both solid phase-affixed substrates 
5 provided similar results. 

Jurkat cells (3-5X10* cells) were placed 
into a 15 ml Falcon™ round-bottom tube with a cap. 
The tube was centrifuged, and the extra medium was 
then removed . 

10 Two hundred microliters of a *^Cr labeling 

solution were added to the centrifuged cells and 
maintained in contact with the cells for 90-120 
minutes in a warm room. This procedure typically 
provides about 50,000-100,000 cpm/well with about 80- 

15 100 percent cell viability. Longer contact times 

provide a greater eunount of labeling but lower cell 
viability. 

The labeled cells were washed with (i) 
complete medium, (ii) ImM EDTA/PBS and then (iii) 

20 RPMl/1 percent BSA free of serum components. The 

cells were centrifuged after each washing. The cells 
were finally resuspended in serum-free RPMI/1 percent 
BSA at a concentration of 1X10* viable cells/ml, which 
provides a concentration that is diluted by one-half 

25 in the assay. 

Cyclic inhibitor peptides were prepared as 
stock solurxons at 20 mg/ml in DMSO in 1.5 ml 
cryogenic screwcap vials, and were stored at -70**C. 
Using Flow™ round-bottom or V-bottom microtiter 

30 plates, the inhibitor peptides were prepared at twice 

the assay concentration in RPMI/1 percent BSA at 60 
^il/well. 

Four initial dilutions were typically used. 
For less potent peptides such as the standard 10-mer 
35 of SEQ ID NO: 3, the initial dilutions were 5 00 yq/ml, 

100 pg/ml, 20 ^g/ml and 4 pg/ml. For more potest 
peptides such as the peptide of SEQ ID NO: 10, the 
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typical initial concentrations w re 10 pg/ml, 2 
pg/ml, 0,4 ^g/ml and 0.08 fjg/ml. 

The "Cr-labeled cells (1X10* cells at 60 
pl/well) were then admixed with the diluted cyclic 
peptide solutions. The admixtures were maintained at 
room temperature (about 22°C) for 30 minutes. 

One hundred microliters of each inhibitor 
peptide/cell admixture were transferred to the 
substrate-coated wells. This was done in triplicate 
for each dilution. The resulting plates were 
incubated for 30 minutes at 37»C and then washed 
gently three times with RPMI/1 percent BSA at 200 
A'l/well. Binding was observed microscopically, 
particularly after the second wash. 

The bound cells were then lysed by the 
addition of a 0.5 percent solution of sodium 
dodecylaulfate in water at 100 ;jl/well. The 
resulting solutions were then processed for counting 
and calculation of IC„ values following usual 
procedures. Appropriate positive and negative 
controls were used with each plate so that the 
results of separate assays could be normalized and 
compared . 

The potency data of Table 1 and Table 2 are 
so normalized. The absolute IC„ value for the 
peptide of SEQ ID NO: 4 is 0.3 ^M. 

rtoociys conducted using sVCAM-1 as solid 
phase-bound antigen were carried out substantially 
identically to those using CS-1. The sVCAM-1 
polypeptide used had the same amino acid residue 
sequence as the materials described in Lobb et al. . 

a x Qchftm. BiophvB. Rea. Cftnmnin .i ilfl: 1498-1504 (1991) 

and Cybulsky et al., PrQC . Natl. Arad. fi^,' , n j^j^ 
fifi:7859-7863 (1991). Human embryonal kidney line 293 
(ATCC CRL 1573) cells were co-transf ected with a 
plaamid (pCDNAIjinvitrogen) containing the sVCAM-1 
DNA sequence and plasmid pSV2-neo [Southern et al.. 
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J. Mol. Appl, Gen. . 1:327341 (1992)]. C lis wer 
selected in OMEM, 10 percent fetal bovine serum and 
600 pg/ml Gepeticin, sVCAM-1 was purified from 
supernatants using a column containing monoclonal 
5 antibody P3H12 (anti-human VCAM-l) coupled to 

Sepharose 4B. The sVCAM-1 was eluted using 0.1 11 
glycine at pH 2.5 following 50 column washes with 
PBS, pH 7.2. The eluate was immediately neutralized 
and dialyzed against PBS for use. 

10 

Example 3: Delayed Type Hypersensitivity in Mice 

An adoptive transfer delayed-type 
hypersensitivity murine model has been developed 
using splenic T cells primed to oxazolone. This 
15 model is described in Elices et al., Clin, Exp. 

Rhemni # llfSuppl. 8) ;577*5BQ (1993), whose procedures 
are followed here. 

Thus, BALB/c mice are shaved on the belly 
and painted (50 pi on the belly and 5 ytl on each paw) 
20 with three percent oxazolone in acetone/olive oil 

(4:1) at days zero and 1. At day 5, the mice are 
sacrificed, their spleens removed, and splenic T 
cells are obtained via nylon wool columns. 

Normal saline or saline containing 
25 25X10*/anjLmal of the oxazolone* immune T cells are 

separately injected in*:o naive mice. The mice are 
then challengea uj paiucing 10 pi of 2 percent 
oxazolone onto one ear each. All procedures are 
carried out under sterile conditions and in 
30 endotoxin*- free buffers. 

Prior to challenge or saline injection, the 
mice are implanted with pumps that subcutaneously 
administered normal saline, normal saline containing 
a cyclic inhibitor peptide such as the cyclic peptid 
35 of SEQ ID NO: 10 or normal saline containing a control 

peptide continually at 6 mg/kg/day for a 24-hour time 
period. The swelling diameter at the site of 
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challenge or saline injection is measured with a 
microcaliper 24 hours thereafter. 

The results of this study show that 
administration of a contemplated inhibitor peptide 
5 reduces this type of CS-l/VLA-4 -mediated 

immunoinflainmation as compared to the untreated 
controls. Use of the control peptide provides no 
reduction of inflammation. 

10 Example 4: Treatment of Asthm;.i-^ 

Six New Zealand white rabbits are immunized 
with house dust mite antigen from birth through four 
months of age. Upon immunization, three rabbits 
receive a single nebulizer administration of a cyclic 
inhibitor peptide such as the cyclic peptide of SEQ 
ID NO: 4 in aqueous 50 percent ethanol as diluent in 
an amount of 100 mg/kg, and the other three receive 
diluent alone. All of the rabbits are challenged 
with house dust mite antigen about 15-30 minutes 
after administration of the peptide, with those 
animals not receiving cyclic inhibitor peptide 
serving as controls. 

Once immunized and challenged, the 
inflammatory state subsides to a basal level within 
about three weeks. The three animals used as 
controls are thereafter used as subjects for r-ceint 
of an inhibitor peptide, and the three rabbits that 
initially received the peptide serve as controls. 

Using such a crossover study, the three 
initial control rabbits are treated with the above 
cyclic inhibitor peptide in the above dilu-nt s.t i 
time more than three weeks after the above study, and 
the three previous recipients of the cyclic peptide 
are administered the diluent alone. All six ar th n 
35 challenged again. 

Initial pulmonary function, measured by 
dynamic compliance (C,,J and lung resistance (RJ , and 
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bronchoalveolar lavage (BAL) to obtain an effector 
cell count, here eosinophils, are conducted prior to 
administration of the cyclic peptide or diluent for 
both portions of this crossover study. Similar 
5 assays are then taken one-half hourly after challenge 

for six hours (early phase allergic reaction) and at 
24 hours after challenge (late stage allergic 
reaction) for both portions of this study. 

These studies are conducted as described by 
10 W.J. Metzger in CRC Handbook of Late Phase Reactions , 

W. Dorsch, ed,, Chapter 35, CRC Press, Boca Raton, FL 
(1990) pages 347-362. 

The results of this study for the pulmonary 
function parameters show the C^^^ value for the 
15 challenged and treated animals stay at about the 

initial value for the whole six hours. The C^^^ for 
the challenged, untreatea animals quickly falls from 
the initial value and then stays at about that value 
for the whole six hours. 
20 The Rj. values for the challenged, inhibitor 

peptide-treated animals remains between the initial 
value and a somewhat elevated value for the whole six 
hours. The values for the challenged, but 
untreated animals rises to several times the above 
25 elevated value for the last four hours. 

The BAL count from thes^ studies indicates 
a reduction in eosinophils after 24 hours in the 
inhibitor peptide-treated, challenged animals as 
compared to the untreated, challenged animals in the 
30 crossover study. 



Example 5: Rabbit Cardiac All ograft Model 

New Zealand white rabbit SPF hearts are 
allografted into the necks of similar rabbits to 
assay a graf t-vs-host immunore jection model and the 
effect of a contemplated peptide on that 
immunoinf lammatory response . 
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Here, seven rabbits are inject d on day 
zero with 1 mg/kg/day of the inhibitor peptide such 
as the cyclic peptide of SnQ ID NO: 4 in' aqueous 
diluent. The two rabbits then each receive a grafted 
heart, with the graft being made in the carotid 
artery to the aorta of the grafted heart, and the 
Dugular vein to the pulmonary artery of the grafted 
heart. The rabbits thereafter receive daily 
injections of the same dose of that peptide, and are 
sacrificed on day 7. Another seven animals receive 
normal saline injections in place of the peptide 
injections, also receive a similarly allografted 
heart, and are similarly sacrificed at day 7. 

The animals' blood vessels are thereafter 
examined histologically for evidence of arteriopathy , 
and particularly thickening of the intimal elastic 
lamina (lEL) layer of the coronary arteries. 
Thickening of the lEL is caused at least in part by 
emigration of effector cells bearing the CD2 marker 
such as T cells and NK cells. Clausell et al . , Abu 
J' Path. , 1A2X11: 1772-1786 (1993). 

These rabbits are maintained on a high fat 
diet to help accelerate the effects of rejection. As 
a result of the diet, basal levels of lEL thickening 
and lesion severity are elevated relative to rabbits 
fed on a normal diet. Basal levels are assayed in 
the coronary arteries of the hearts of recipient 
animals, whereas lEL thickening and lesion severity 
are assayed in the coronary arteries of the grafted 
•sO hearts. 

Upon examination of vessels of th*. e-i i— 
rreated rabbits, a large percentage of the vessels^ 
exhibit lEL thickening. Similar evaluation of 
vessels from the rabbits that receive the inhibitor 
peptide tr atment show that a smaller percentage of 
the vessels exhibit lEL thickening. 



25 
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Example 6: In Vitro Porcine Allograft Model 

A siinilar study is carried out in vitro 
using porcine coronary artery endothelial cells (EC; 
as are present in the lEL) and smooth muscle cells 
5 (SMC; as are present in the medial layer of the 

artery) • The two cell types are cultured using a 
membrane transwell system, with the SMC on the bottom 
layer in M-199 medium (Gibco Labs.)» The SMC are 
stimulated with 100 ng/ml of interleukin-13 (IL-13) 

10 for 24 hours prior to the start of the assay* 

Porcine peripheral blood lymphocytes are separated by 
Ficoll-Hypaque, radiolabeled and incubated overnight 
(about 18 hours) on the EC. 

Transendothelial lymphocyte migration in 

15 the IL-13-stimulated SMC is observed as compared to 

unstimulated SMC (p<0.05). The inhibitor peptide of 
Ex£unple 5, SEQ ID MO: 11, present at 10 pg/ml in the 
medium reduces lymphocyte migration, whereas the same 
amount of a control peptide does not reduce 

20 migration. 

Example 7 : Experimental Autoimmune 

Encephalomvetlitis in Mice 

Experimental autoimmune encephalomyelitis 
25 (EAE) is a demyelinating disease of the central 

nervous system that can be induced in susceptible 
strains of mice and rats by immunization with myelin 
basic protein, proteolipid protein (PLP), or their 
immunodominant T cell determinants, or by injection 
30 of CD4-positive T cell clones specific for those 

determinants. EAE serves as an animal model of human 
multiple sclerosis. In both diseases, circulating 
leukocytes such as T cells and monocytes penetrate 
the blood/brain barrier and damage myelin, r suiting 
35 in paralysis. 

EAE is induced in female SJL/J mice (8 to 
14 weeks old) by immunization on day zero with 50 fjq 
of a p ptide corresponding to positions 139-151 of 
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PLP emulsified in a 1:1 mixture of PBS and complete 
Freund's adjuvant (CFA) . Each mouse is injected with 
0.2 ml of the adjuvant emulsion subcutaneously (s.c.) 
at two sites in the hind flank. All mice receive 10^ 
5 killed Bprdetftllfl Pftrt^lffffjp units in 100 pi and are 

injected intravenously 24 to 72 hours later. 

Mice are observed daily, beginning at day 8 
for clinical signs of EAE, and disease is scored on a 
scale of 0-5 as: 0 - no disease; 1 = floppy tail; 2 - 
10 moderate hind limb weakness; 3 = paraparesis; 4 - 

paraplegia with moderate forelimb weakness; 5 = 
quadriplegis or premoribund state. 

A cyclic inhibitor peptide such as that of 
SEQ ID NO:32 is administered intraperitoneally at 1 
mg/mouse in 0.2 ml of incomplete Freund's adjuvant at 
days 8 and 9. a control peptide is similarly 
administered. 



15 



20 



25 



Summed or averaged scores for clinical 
signs are plotted vs. time. The area under the 
resulting curves is calculated between day 8 and day 
35 to calculate percentage inhibition of EAE by a 
cyclic inhibitor peptide. The percent inhibition is 
calculated as follows: 



100 



% Inhibition = 100- (Area of cyclic inhibitor 

peptide -»- control area) X 



30 



Animals treated with a cyclic inhibitor 
peptide contemplated herein exhibit marked 
improvement in clinical signs as compared to thos< 

cue conrroi peptide. 



35 



Exeunple 8 : 



CS-1 Expression in Human Rheumatoid 




Surgically-obtained synovial specimens from 
human rheumatoid arthritis (RA) patients are examined 
microscopically for the expression of the CS-1 
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peptide portion of fibronectin. Ultrathin s ctions 
of tissue are stained by the imznunoperoxidAae 
technique using anti-CS-l antibodies, and are studied 
using transmission electron microscopy. These 
5 studies show that CS-1 is expressed on the luxnenal 

aspect of blood vessel endothelium, on the lumenal 
plasma membrane. The plasma membrane of synoviocytes 
in the synovial intimal lining at the interface with 
the joint space is also stained. The CS-1 peptide 
10 portion is not found to be expressed in normal 

synovium. 

Binding studies are carried out using the 
Jurkat T cell line and frozen RA synovial sections. 
Jurkat cell adhesion can be inhibited by anti-VIiA-4 

15 antibodies or the 10-mer CS-1 peptide portion (500 

pg/ml) used as standard here (SEQ ID N0:3), but not 
with antibodies to VLA-S, VCAM-l-A or VCAM-l-B or a 
peptide in which the 10-mer sequence was scrambled. 
Stimulated MOLT-4 cells behaved similarly. These 

20 results are reported in Elices et al. , J. Clin. 

Invest. . 22:405-416 (January 1994). 

A similar inhibition of binding of Jurkat 
cells to human RA synovial sections and not to normal 
synovial sections is observed using the cyclic 

25 inhibitor peptide of SEQ ID NO: 10. That peptide is 

used at its IC^q value shown in Table 1 to be ?.bout. 
253-times less than the IC30 value for the standard 
10-mer. The absolute value of that IC50 value is 
about 0.6 ^olar. 

30 These results illustrate the importance of 

the CS-1 peptide portion and VLA-4 in a human chronic 
immunoinf lammatory disease state, rheumatoid 
arthritis. These results also show that a 
contemplated inhibitor cell can inhibit the binding 

35 of inflammatory cells in this human 

immunoinf lammatory disease state. 
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Although the present invention has now been 
described in terms of certain preferred embodiments, 
and exemplified .with respect thereto, one skilled in 
the art will readily appreciate that various 
modifications, changes, omissions and substitutions 
may be made without departing from the spirit 
thereof • 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Cytel Corporation 

3525 John Hopkins Court 

San Diego, California, 92121 



(ii) TITLE OF INVENTION: Cyclic cs-1 Peptidomijnetics, 
Compositions and Methods For Using The Same 

(iii) NUMBER or SEQUENCES: 46 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Campbell and Floree 

(B) STREET: 4370 La Jolla Village Drive, Suite 7 00 
<C) CITY: San Diego 

(D) STATE: California 

(E) COUNTRY: United states 
(F> ZIP: 92122 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent m Release #1,0, version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 25 August 1995 

(C) CLASSIFICATION: 

(Viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Hook, s^regory R. 

(B) REGISTRATION NUMBER: 38,701 

(C) REFERENCE /DOCKET NUMBER: FP-CY 177 8 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (619) 535-9001 
^B) TELEFAX: (619) 535-8949 



(2) INFORMATION FOR 8EQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) T7PE: amino acid 
(D) TOPOLOGY: linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NOtl: 

Asp Glu Leu Pro Gin Leu Val Thr Leu Pro His Pro Asn Leu Hia 

15 10 15 



Gly Pr Glu lie Leu Asp val Pro Ser Thr 
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20 25 
<2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Leu His Gly Pro Glu He Leu Asp val Pro Ser Thr 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Gly Pro Glu He Leu Asp Val Pro Ser Thr 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acida 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..6 

(D) OTHER INFORMATION: /note- -The amino-torminus has 
R group where R is (a) R^ and R* is either (i) absent 
or (ii) a C^-c* acyl moiety or (b) R' and R^ is 
selected from the group consisting of phenylacetyl , 
benzoyl, phenylalanyl , tryoayl, n-c-C, acvl 
phonyiaianyi and N-C.-C^ acyl tyroayl,- 

(ix) FEATURE: 

(A) NAME /KEY: Peptide 

( B ) LOCATION : 1 , . 6 

(D) OTHER INFORMATION: /note- -Both Xaa groups are a- 

amino acid residues that together form a 
sulfide or disulfide bond in a chain 
that contains 3 t about 6 atoms, 
including at least one sulfur atom 
between the a-carbons of the two Xaa 
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gr ups, and in which the xaa in the 
fourth position has a C-terminal 
carboxamide group, or the C-terminal 
carboxyl is replaced by hydrogen." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



Xaa Asp Phe xaa 

1 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CBARACTERXSTICS : 

(A) LENGTH: 5 amino acids 

(B) TYPE; eunino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY; Peptide 

(B) LOCATION: 1..5 

(D) OTHER INFORMATION: /note- "The amino-terminus has 
R group where R is (a) R* and R^ is either (i) absent 
or <ii) a c^-c^ acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, n-c^-C, acyl 
phenylalanyl and N-Cj-C, acyl tyrosyl," 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1, .5 

(D) OTHER INFORMATION: /note- -Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the Q-carbons of the two Xaa groups, and in which 
the Xaa in the fifth position has a c-terminal 
carboxamide group, or the C-terminal carboxyl is 
r^rr/ - 9d by hydrogen,- 



SCRIPTIONi SEQ ID NO: 5: 

Xaa Asp Phe Pro Xaa 

1 5 

<2) INFORMATION FOR SEO ID NOifi: 

(i) SEQUENCE CHARACTERISTICS: ' 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



( ix ) FEATURE : 

(A) NAME/KEY: Peptide 
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(B) LOCATION: 1..6 

(D) OTHER INFORMATION: /note= -The amino- terminus has 
an R group where R is (a) R- and o^4-k«^ ^u^^.-. 



2 



or (XX) a c.-c, acyl moiety or (b) R* and R- xa 
aelect6d from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-c, acyl 
phenylalanyl and N-Ci-c, acyl tyrosyl." 

(ix) FEATXJRE: 

(A) NAME /KEY: Peptide 
<B) LOCATION: 1..6 

(D) OTHER INFORMATION: /notea"Both Xaa groups are a- 
amxno acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about ( 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the xaa xn the sixth position has a c-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Xaa Asp Phe Pro Ser Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..7 

INFORMATION: /note- -The amino- terminus has 
" ^ ^roup where r is (a) r- and r' is either (i) absent 

or (XX) a c,-c, acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, try^jgyl, N-c.-c^ acyl 
phenylalanyl and N-Cj-c^ acyl tyrosyi,- 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1,.7 

(D) OTHER INFORMATION: /note--Both Xaa groups are a- 
aau.no acid residues that together form a sulfide or 

disulf xde bond in a chain that contains 3 to about fi 
atw«.», xiicxuaxng ar least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
tne xaa in the seventh position has a C-terminal 
carboxamxde group, or the c-terminal carboxyl is 
replaced by hydrogen,- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Xaa Asp Phe Pro ser Thr Xaa 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



{ ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..6 

(D) OTHER INFORMATION: /note«-The ami no -terminus has 
an R group where R is (a) R' and R' is either (i) absent 

or (ii) a Ci-C< acyl moiety or (b) R^ and R^ is 
selected from the groap consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-c, acyl 
phenylalanyl and N-c,-c, acyl tyrosyl.- 



( ix ) FEATURE : 
<A) NAME /KEY: Peptide 
(B) LOCATION: 1..6 

<D) OTHER INFORMATION: /note- -Both Xaa groups are a- 
amino acid residues that together foxnn a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the eighth position has a c-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen.- 



(Xi) SEQUENCE DESCRIPT-ON: SEQ ID NO: 8: 

Xaa Asp Phe Pro Ser Thr val xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

.'-'H . - liffiinc j.^a 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURES 



(B) LOCATION: 1..6 

(D) OTHER INFORMATION: /note- -The ami no -terminus has 
an R group where R is (a) R* and R^ is either (i) absent 

or (ii) a Ci-C, acyl moiety r (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-C,-C, acyl 
phenylalanyl and N-c,-C, acyl tyrosyl.- 



(ix) 



FEATURE : 
(A) NAME/KEY : Peptide 
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(B) LOCATION: 1..6 

(D) OTHER INFORMATION: /note« -Both Xaa groups are a- 

— — — —— — — — — —— w ivw^wwAtv^ jkVuf^ui a oujb^XUtS OIT 

disulfide bond in a chain that contains 3 to about 6 
atoms, Including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the sixth position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NC:9: 

Xaa Phe Leu Asp Phe Xaa 

1 5 



(2) INFORMATION FOR SEQ ID NO: 10: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

<ii) MOr.ECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..7 

(D) OTHER INFORMATION: /note=i "The amino-terminus has 
in R group where R is <a) R- and is either (i) absent 

or (ii) a Ci-C| acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-C^ acyl 
phenylalanyl and N-Cj-C, acyl tyrosyl.- 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..7 

(D) OTHER INFORMATION: /note- "Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, -^.-f. ' - -tv.;^-.. 
CiUa in the seventh position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



Xaa Phe Leu Asp Phe Pro Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amin acids 
<B) TYPE: amino acid 
<D) TOPOLOGY: circular 



(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1.-8 

(O) OTHER INFORMATION: /note^^The amino -terminus has 
an R group where R is (a) R- and R^ is either (i) absent 

or (ii) a Ci-C, acyl moiety or (b) R* and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-C^-c, acyl 
phenylalanyl and N-C1-C4 acyl tyroayl*- 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION; 1..8 

(D) OTHER INFORMATION: /note= "Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the xaa in the eighth position has a C-terminal 
carboxamide group, or the C-terminal carboxyl is 
replaced by hydrogen." 

<xi) SEQUENCE DESCRIPTION: SEO ID NO: 11: 

Xaa Phe Leu Asp Phe Pro ser Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

( B ) TYPE : amino ac id 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



( ix ) FEATURE : 

<A) NAME/KEY: Peptide 
(B) LOCATION: l.,9 

(D) OTHER INFORMATION: /note- "The amino -terminus has 
I< yr^ ^e;, ^aci R* ij -ither (i) ab&^.. . 

or (ii) a Ci-c, acyl rnoiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Ci-C, acyl 
phenylalanyl and N-C.-c^ acyl tyroayl," 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1. .9 

(D) OTHER INFORMATION: /note""Both Xaa groups are a- 
Miino acid residues that together form a sulfide or 

disulfide bond in a chain that c ntains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the tw Xaa groups, and in which 
the Xaa in the ninth p sition has a c-termir^l 
carboxamide group, or the C-terminai carboxyl is 
replaced by hydrogen,- 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

xaa phe Leu Asp Phe Pro ser xhr Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 13 : 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(O) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note- -The ami no -terminus has 
R group where R is (a) and R^ is either (i) absent 
or (Xi) a c,-c, acyl moiety or (b) R^^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-c,-c, acyl 
phenylalanyl and N-c,-c« acyl tyrosyl.- 

<ix) FEATXniE: 

(A) NAME/KEY: Peptide 
<B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note- -Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the xaa in the tenth position has a c-terminal 
carboxamide group, or the C-terminal carboxyl is 
replaced by hydrogen, - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 : 

Xaa Phe Leu Asp Pho Pro ser Thr Val xaa 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATtniE: 

<A) NAME /KEY: Peptid 
(B) LOCATION: 1_7 

aroun 5^'*'*^'^'°'" amino-termnaa has 

or (li) a C..-C, acyl moiety or (b) r- and R* is 
selected from th group consisting of phenylacetyl. 
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b nzoyi, phonylalanyl, tryosyi, N-Ci-c, acyl 
phenylalanyl and N-C^-C, acyl tyrosyl.- 

<ix) FEATURE I 

(A) NAME /KEY: Peptide 

(B) LOCATION: 1..7 

(D) OTHER INFORMATION: /note- "Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two xaa groups, and in which 
the Xaa in the seventh position has a c-terminal 
carboxamide group, or the c-tenninal carboxyl is 
replaced by hydrogen," 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Xaa Glu Phe Leu Asp Phe Xaa 

1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 



(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 8 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: circtilar 



(ii) MOLECULE TYPE: peptide 

(ix) FEATXniE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1,.8 

(D) OTHER INFORMATION: /note« "The amino-terminus has 
an R group where R is <a) R* and R^ is either (i) absent 

or (ii) a Ci-C, acyl moiety or (b) R" and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Ci-C, acyl 
phenylalanyl and N-C^-Cj acyl tyrosyl," 

<ix) f?;ature: 

(A) NAME/KEY: Peptide 
<B) LOCATION: 1 . . 

<D) OTHER INFORMATION: /note«-Both Xaa groups are a- 
amino acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the eighth position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced bv hvdroaen*** 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Xaa Glu Phe Leu Asp Phe Pro Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 16: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii; HOI^CULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1,.9 

(D) OTHER INFORMATION: /note- -The amino-terminus has 
R group where R is (a) R- and R- is either (i) absent 
or (ii) a Ci-C« acyl aioiety or (b) R^ and R' is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-C^ acyl 
phenylalanyl and N-Ci-Ci acyl tyrosyl.- 

FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..9 

(D) OTHER INFORMATION: /note- -Both Xaa groups are a- 
acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the xaa in the ninth position has a c-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Xaa Glu Phe Leu Asp Phe Pro ser Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

FEATURE : 

(B) LOCATION: I^.IO 

(D) OTHER INFORMATION: /note- "The amino -terminus has 
R group where R is (a) R- and R' is either (i) absent 
or (ii) a c,-c, acyl moiety or (b) R* and R^ is 
selected from the group consisting of phenylacetyl , 
benzoyl, phenylalanyl, tryosyl, n-c-c, acyl 
phenylalanyl and N-C^-C, acyl tyrosyl.- 

FEATURE t 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note--Both Xaa groups are a- 
acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom betwe n 
th a-carbons of th two Xaa groups, and in which 
the Xaa in the tenth position has a C-terminal 



(ix) 



amino 



(AX) 



an 



(iX) 



amino 
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carboxamide group, or the c-terminal c&rboxyl ia 
replaced by hydrogen.** 

<Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Xaa Glu Phe Leu Asp Phe Pro Ser Thr Xaa 

15 10 

(2) INFORMATION FOR SEQ ID N0:18t 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circulaur 

(ii) MOLECULE TYPE: peptide 

<ix? FKATURE: 

(A) NAME /KEY: Peptide 
<B) LOCATION: 1**11 

(D) OTHER INFORMATION: /note* "The amino -terminus has 
an R group where R ia (a) R^ and R* ia either (i) absent 

or (ii) a C^-C, acyl moiety or (b) R^ and R^ is 
aolected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryoayl, N-Cj-Ci acyl 
phenylalanyl and N-Cj-C, acyl tyrosyl." 

<ix) FEATURE: 

(A) NAME /KEY: Peptide 

(B) LOCATION: :..ll 

<D) OTHER INFORMATION: /note^'Both Xaa groups are a- 
amino acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about 6 
atoma, including at least one aulfur atom between 
the Q-carbona of the two Xaa groupa, and in which 
the Xaa in the eleventh poaition haa a c-tenninal 
carboxamide group, or the c-terminal carboxyl ia 
replaced by hydrogen.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Xaa Glu Phe Leu Aap Phe Pro ser Thr Val Xaa 

5 10 

(2) INFORMATION FOR SEQ ID NO: 19: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

<ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..8 

(D) 09BER INFORMATION: /not « -The amino-termi-^ua haa 
an R group wher R ia (a) R* and R^ is either (i) eibsent 

r (ii) a C.-c, acyl moiety or <b) R' and R^ ia 
selected from the group consisting of phenylacetyl , 
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benzoyl, phenylalanyl , tryoeyl, n-C,-C4 acyl 
phenylalanyl and N-C:-C< acyl tyrosyl.- 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..8 

(D) OTHER INFORMATION: /note=rBoth Xaa groups are q- 
5 acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the eighth position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen . 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Xaa Pro Glu Phe Leu Asp phe Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..9 

(D) OTHER INFORMATION: /note- "The ami no -terminus has 
" R group where R is (a) R- and R* is either (i) absent 

or (ii) a c.-c^ acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl , 
benzoyl, phenylalanyl, tryosyl, n-C-c, acyl 
phenylalanyl and N-Cj-C, acyl tyrosyl,- 

< ix ) FEATURE : 

(A) N^VT^/K-^"* 

(B) LOCATION: JL..9 

(D) OTHER INFORMATION: /note--Both Xaa groups are a- 
amino acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the ninth position has a C-terminal 
carboxamide group* or the c-t«™in«il cirbcx"! is 
replaced by hydrogen.- ^ ^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Xaa Pro Glu Phe L u Asp Ph Pro Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO:21: 
<i) SEQUENCE CHARACTERISTICS: 
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(A) UCNGTH: 10 amino acids 
<B) TYPE: amino acid 

tD\ TOPOLOGY: circulajr 
(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME /KEY: Peptide 
(B> LOCATION; 1..10 

(D) OTHER INFORMATION t /note« "The amino-terminus haa 
an R group where R is (a) R' and R^ is either (i) absent 

or (ii) a Cj-c, acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-C, acyl 
phenylalanyl and N-Cj-c, acyl tyrosyl," 

(ix) FEATURE: 

<A) NAME /KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note- -Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two xaa groups, and in which 
the Xaa in the tenth position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen •** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

Xaa Pro Glu Phe Leu Asp Phe Pro Ser Xaa 

1 5 10 

(2) INFORMATION FOR SEQ ID NO: 22: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..11 

(D) OTHER INFORMATION: /note- **The ami no -terminus haa 
an R group where R is (a) R' and R^ is either (i) absent 

or (ii) a C^-C, acyl moiety oj; (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-c^ acyl 
phenylalanyl and N-Cj-C, acyi tyrosyi." 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..11 

(D) OTHER INFORMATION: /note- "Both Xaa groups are a- 
amino acid residues that togeth r form a sulfide r 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom betwe n 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the leventh position has a c-t rminal 
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carboxaznid group, or the c-terminal carboxyl is 
replaced by hydrogen, - 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Xaa Pro Glu Phe Leu Asp Phe Pro Ser Thr Xaa 

1 5 10 

<2) INFORMATION FOR SEQ ID N0t23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..12 

(D) OTHER INFORMATION: /note= -The amino-terminus has 
R group where R is (a) R- and is either (i) absent 
or (ii) a c,-c^ acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Ci-C^ acyl 
phenylalanyl and N-C1-C4 acyl tyrosyl.- 

(i'x) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATIONi 1..12 

(D) OTHER INFORMATION: /note«-Both Xaa groups are a- 
*»ino acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the xaa in the twelfth position has a C-terminal 
carbcxamide group, or the c-terminal carboxyl is 
replaced by hydrogen . " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

xaa Pro clu Phe Leu Asp Phe Pro ser Thr Val Xaa 

1 5 10 

(2) INFORMATION FOR SEQ ID NO:24t 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
{o) x-'irEi amino acxd 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

( B ) LOCATION : 1 . . 9 

(D) OTHER INFORMATION: /note= -The amino-terminus has 
R group where R is (a) R- and R- is either (i) absent 
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or (ii) a Cj-C, acyl moiety or (b) and is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl.. tryoayl. n-C;-C; acyl 
phenylalanyl and N-Cj-C, acyl tyrosyi.- 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

( B ) LOCATION : I « . 9 

(D) OTHER INFORMATION: /note- "Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the ninth position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen," 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

Xaa Gly Pro Glu phe Leu Asp Phe Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

( ix ) FEATURE t 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /noteo -The amino -terminus has 
an R group where R is (a) R^ and r' is either (i) absent 

or (ii) a c^c, acyl moiety or (b) R* and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-C^-c, acyl 
phenyl«l"«nyl and N-C;-c, acyl tyrosyl." 

(iX) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note- "Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
tho a-uo^bons of T:he two Xaa groups, and in which 
the Xaa in the tenth position has a C-terminal 
carboxamide group, or the C-terminal carboxyl is 
replaced by hydrogen." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Xaa Gly Pro Glu Ph Leu Asp Phe Pro Xaa 

i 5 10 

(2) INFORMATION FOR SEQ ID NO: 26: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(iX) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 

(D) OTHER INFORMATION: /note= "The amino-terminus has 
^ 9roup where R is (a) and K is either (i) absent 



JLS 



or (li) a C,-C4 acyl moiety or (b) R^ and R ^« 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-c.-c, acyl 
phenylalanyl and N-c^-c, acyl tyroayl.- 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: l,.ll 

(D) OTHER INFORMATION: /note- -Both Xaa groups are a- 
amino acxd residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the xaa m the eleventh position has a c-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
Xaa Gly Pro Glu Phe Leu Asp phe Pro ser Xaa 

(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: l.,12 

(D) OTHER INFORMATION: /note- "The ami no -terminus has 
*« R group where R is (a) *mri pi j^- ^j^^w-- 

or (ii) a c,-c, acyl moiety or (b) R^ "and Vis 
selected from the group conaiating of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-c,-C, acyl 
phenylalanyl and N-c^-c, acyl tyrosyl.- 

(ix) FEATqRE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . . 12 

(D) OTHER INFORMATION: /note« th Xaa groups are a- 
amino acid residues that together form a sulfide or 
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disulfide bond in a chain that contains 3 t about 6 
atoms r including at least one sulfur atom between 
the a-carbons of the two Xaa groupfl. and in which 
the xaa in the twelfth position has a c*terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen.** 

(Xi) SEQUENCE DESCRIPTION: SCQ ID NO: 27: 

Xaa Gly Pro Glu Phe Leu Asp Phe Pro Ser Thr xaa 

15 10 

(2) INFORMATION FOR SEQ ID NOj28: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..13 

(D) OTHER INFORMATION: /note- "The amino-terminus has 
an R group where R is (a) R' and R* is either (i) absent 

or (ii) a Cj-C, acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Cj-C, acyl 
phenylalanyl and N-Cj-c, acyl tyrosyl-** 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..13 

(D) OTHER lNFOR*-iATlON : /note* •*Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the thirteenth position has a c-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen,- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Xaa Gly Pro Glu Phe Leu Asp Phe Pro Ser Thr Val Xaa 

15 10 

(2) INFORMATION FOR SEQ ID NOt29: 
( i ) acw'ucncA CoakacterxstXCS : 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
Pro Glu Phe Leu 
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(2) IKFOHMATICJ; FOR SEv ID wO:50: 

t 

(i) SEOUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 
<B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: poptidci 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Gly Pro Glu Phe Leu 

1 5 

(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Pro ser Thr Val 

1 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOT^CULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..6 

(D) OTHER INFORMATION: /note« "The carboxy -terminus is 
A carboxamide * " 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

Phe cys Pro Phe Pro Cya 
1 5 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY; circular 

(ii) MOLECULE TYPE: peptide 
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( ix ) FEATURE : 

( A ) NAME /KEY : Pep'^i.ds 

(B) LOCATION: 

(D) OTHER INFORMATION: /notes -The amino-tenninus has 
an R group where R is (a) R^ and R^ is either (i) absent 

or (ii) a c^-c, acyl moiety or <b) R^ and R^ is 
selected from the group conaisting of phenylacetyl, 
benzoyl, phenylalanyl, tryoayl, N-C,-C, acyl 
phenylaianyl and N-c.-c, acyl tyrosyl . " 

( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..8 

(D) OTHER INFORMATION: /note«-Both Xaa groups are a- 
^^r.o acid residues that together form a sulfide or 

disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the Q-carbons of the two Xaa groups, and in which 
the Xaa in the eighth position has a C-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Xaa Pro Glu Leu Asp Phe Pro Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 34: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..5 

(D) OT^jF.T^, IMFORKATICN /note« **The car boxy -term! - u: 
A w arrsoxamide . " 

<ix) FEATURE: 

<A) NAME/KEY: Peptide 
(B) LOCATION: 1..5 

<D) OTHER INFORMATION: /note« -The ami no -terminus has 
an acetyl group.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Phe cys Asp Phe Cys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 35: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(iX) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: l.,5 

(D) OTHER INFORMATION: /note= -The carboxy -terminus ia 
a carboxamide . " 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..5 

(D) OTHER INFORMATION: /note«"The ami no -terminus has a 
acetyl group.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Phe Cys Asp Phe cya 
1 5 

(2) INFORMATION FOR SEQ ID NO: 36: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 

(iX) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1. ,9 

(D) OTHER INFORMATION: /note= -The ami no- terminus has 
^ 9^®^P R is (a) K and R^ is either (i) absent 

or {XX) a Ci-C, acyl moiety or (b) R' and R^ is 
selected from the group consisting of pMenylacetyl, 
benzoyl, phenylaianyl, tryosyl, N-c^-c^ acyl 
phenylalanyl and N-c^-c, acyl tyrosyl.- 

(ix) FEATURE: 

(A) NAK^'^EY: Peptide 

(B) LOCATION: 1 9 

(D) OTHER INFORMATION: /note- -Both Xaa groups are 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbona of the two Xaa .groups, and in which 
the Xaa m the ninth position has a C-terminal 

replaced by hydrogen.- 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Xaa Pro Glu Leu Asp Phe Pro s r Xaa 

1 5 

(2) INFORMATION FOR SEQ ID NO: 37: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acir*8 
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(B) TYPE: ami no acid 
<D) TOPOLOGY: circular 

(ii) MOLECVLE TYPE: peptide 



( ix ) FEATtntE I 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..5 

(D) OTHER INFORMATION: /note= -The carboxy- terminus is 
A carboxamide . ** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37; 

Phe Cys Asp Phe eye 

1 5 

(2) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME /KEY: Peptide 

(B) LOCATION: 1,.10 

(D) OTHER INFORMATION: /note- "The carboxy- terminus is 
a carboxamide • - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

lie Leu Asp Val Pro lie Leu Asp Val Pro 

15 10 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS; 

(A) I*ENGTH: 5 amino acida 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURES 



(B) LOCATION: 1..5 

(D) OTHER INFORMATION: /note» -The carboxy -terminus is 
a carboxamide • ** 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39; 

lie Leu Asp Phe Pro 

1 5 

(2) INFORMATION FOR SEQ ID NO: 40: 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATXTOE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..S 

(D) OTHER INFORMATION: /note= •'The carboxy- terminus is 
carboxamide.** 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

Cys Leu Asp Phe Cys 

i 5 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQiniNCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..5 

(D, OTHER INFORMATION: /note= -The carboxy -terminus is 
carboxamide- - 

(iX) FEATtniE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..5 

^ (D) OTHER INFORMATION: /note- -The amino -terminus has 

acetyl group . *• 
{XX, SEQUENCi: DESCRIPTION: SEQ ID NO: 41: 



Phe Cys Asp cys Pro 

1 5 

(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . .4 
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(D) OTHER INFORMATION: /note^ "The carboxy-terminua ia 
a c&rboxamide . ** 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

Phe cys Aap Pro 

I 

(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: l.,5 

(D) OTHER INFORMATION: /note= "The carboxy-terminua ia 
carboxamide • ** 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43 

Ser Phe Aap Phe Ser 

1 5 



{2> ItfFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acida 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



{ ix ) FEATURE : 

<A) NAME/KEY: Peptide 
(B) LOCATION: 1..7 

(D) OTHER INFORMATION: /note* "The amino-terminus has 
an R group where R ia (a) R^ and R^ ia either (i) absent 

or (ii) a Ci-C« acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-C.-c, acyl 

nhanvlalanvl And N— t^.-f^. Anvl t-v^-r^ovl 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note» "Both Xaa groups are a- 
ami no acid roaiduea that together form a sulfide or 
disulfide bond in a chain that c ntaina 3 to about 6 
atoms, including at least one sulfur atom be -ween 
the a-carbona of the two Xaa groups, and in which 
the xaa in the seventh position has a C-terminal 
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carboxamide group, r the C-terminal carboxyl is 
replaced by hydrogen." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO J 44: 

* 

Xaa Pro Glu Leu Asp Phe xaa 
i 5 10 

<2) INFORMATION FOR SEQ ID NO; 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I^NGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



( ix ) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: I^.IO 

(D) OTHER INFORMATION: /note= -The amino-terminus has 
" ^ group where R is (a) R- and R- is either (i) absent 

or (ii) a c,-c, acyl moiety or (b) R^ and R^ is 
selected from the group consisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-c^-c, acyl 
phenylalanyl and n-Ci-c, acyl tyrosyl," 

<ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1. . 10 

(D) OTHER INFORMATION: /note- "Both Xaa groups are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the tenth position has a c-terminal 
carboxamide group, or the c-terminal carboxyl is 
replaced by hydrogen." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

Xaa Pro Glu Leu Xs>'- pv^ -^-q -r,^ ^^^^^ 
1 5 * ' xo 

(2) INFORMATION FOR SEQ ID NO: 46: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 



FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: l,.ll 

(D) OTHER INFORMATION: /note« -Th amino-terminus has 
R group where R is (a) R' and k' is either (i) absent 
or (ii) a c,-c. acyl moiety or (b) R^ and R^ is 



(XX) 



an 
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selected from the group conBisting of phenylacetyl, 
benzoyl, phenylalanyl, tryosyl, N-Ci-C, acyl 

phsnyls-lsnyl and ^r-c.-c^ acyl tyrosyl." 

( ix ) FEATURE : 

<A) NAME/KEY: Peptide 
(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note- -Both Xaa groupfl are a- 
amino acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between 
the a-carbons of the two Xaa groups, and in which 
the Xaa in the eleventh position has a c-terminal 
carboxamide group, or the C-terminal carboxyl is 
replaced by hydrogen." 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 
Xaa Pro Glu Leu Asp Phe Pro Ser Thr Val Xaa 



X 



5 



10 
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CIATMg 

1. A cyclic peptide of the formula 
R-Xaa^-Z-Asp-Phe-Y-Xaa^ (SEQ ID NO: 4-28) 

wherein 
R is 

(a) that is (i) absent so that the 
peptide is terminated by the free a-amine of Xaa or 
(ii) a Cj-C^ acyl moiety, or 

(b) R^ that is selected from the group 
consisting of phenylacetyl, benzoyl, phenylalanyl, 
tyrosyl, N-Ci-C, acyl phenylalanyl and N-C^-C, acyl 
tyrosyl; 

the Xaa^ and Xaa^ groups are a-amino 
acid residues that together form a sulfide or 
15 disulfide bond in a chain that contains 3 to about 6 

atoms, including at least one sulfur atom between the 
a-carbons of the two Xaa groups, and in which Xaa' has 
a C-terminal carboxamide group, or the C-terminal 
carboxyl is replaced by hydrogen; 

Z is absent, or a peptide selected 
from the group consisting of Pro-Glu-Leu, Phe-Leu, 
Glu-Phe-Leu, Pro-Glu-Phe-Leu (SEQ ID NO: 29), and Giy- 
Pro-Glu-Phe-Leu (SEQ ID NO:30); and 

Y is absent. Pro, or that is a 
peptide selected from the group consisting of Pro- 
Ser, Pro-Ser-T*- " S - r-Val (SEQ ID NG'?1); 

with the provisos that: 

(i) R is R^ when Z is absent, and 
(ii) R^ is selected from the group 
consisting of phenylacetyl, benzoyl, N-Cj-C^ acyl 
phenylalanyl ar*d w-C^-C^ acyl tyrosyl when the two xaa 
residues are separated by two amino acid residues. 

2. The cyolic peptide according to claim 
35 1 wherein Xaa' and Xaa' together form a sulfide bond 

in a chain that contains 3 to about 6 atoms* 
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3« The cyclic p ptide according to claim 
1 wherein at least one of Xaa^ and Xaa^ is an oxidized 
cysteine and the other is an oxidized cysteine, 
homocysteine or pencillamine residue such that Xaa^ 
5 and Xaa^ together form a disulfide bond and Xaa^ has a 

C-terminal carboxamide group « 



4 . A cyclic peptide of the formula 
R-Xaa-Z-Asp-Phe-Y-Xaa-NHj (SEQ ID NO: 4-28) 
10 wherein 

R is 

(a) that is (i) absent so that the 

peptide is terminated by the free a-amine of Xaa or 
(ii) a Cj-C< acyl moiety, or 
15 (b) r' that is selected from the group 

consisting of phenylacetyl, benzoyl, phenylalanyl , 
tyrosyl, N-Cj-C^ acyl phenylalanyl and N-C^-C^ acyl 
tyrosyl; 

at least one Xaa is an oxidized 
20 cysteine and the other Xaa is an oxidized cysteine, 

homocysteine or penicillamine residue such that the 
two Xaa ' s together form a disulfide bond; 

Z is absent, or a peptide selected 
from the group consisting of Pro-Glu-Leu, Phe-Leu, 
25 Glu-Phe-Leu, Pro-Glu-Phe-Leu (SEQ ID NO:29), and Gly- 

Pro-Glu-Phe-Leu (SEQ ID NO: 30); and 

y is absent. Pro, or that is a 
peptide selected from the group consisting of Pro- 
Ser, Pro-Ser-Thr and Pro-Ser-Thr-Val (SEQ ID NO: 31); 
30 with the provisos that: 

(i) R is R^ when Z is abnent . #inH 
(ii) R' is selected from the group 
consisting of phenylacetyl , benzoyl, N-C^-C^ acyl 
ph nylalanyl and N-Cj-C^ acyl tyrosyl when the two Xaa 
35 residues are separated by two amino acid residues. 
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5. The cyclic peptide according to claim 
4 wherein the ring structure of said 2 is absent. 

r 

6. The cyclic peptide according to claim 
5 5 wherein said Y is absent. 

7. The cyclic peptide according to claim 
4 wherein said Y is absent. 

^° ^- '^^^ cyclic peptide according to claim 

4 wherein R is R\ 

9. A cyclic peptide of the formula 
R-Xaa-Z^-Asp-Phe-Y^-Xaa-NHj (SEQ ID NO:5-7, 9-12) 

wherein 
R is 

(a) R* that is (i) absent so that the 
peptide is terminated by the free a-amine of Xaa or 
(ii) a Cj-C« acyl moiety, or 

(b) R' that is selected from the group 
consisting of phenylacetyl , benzoyl, phenylalanyl, 
tyrosyl, N-C,-C, acyl phenylalanyl and N-C,-C« acyl 
tyrosyl ; 

at least one Xaa is an oxidized 
5 cysteine and the other Xaa is an oxidized cysteine, 

homocysteine or penicilla^.: - - ; .ch that the 

two Xaa's together form a disulfide bond; 

is absent or Phe-Leu; and 
Y' is absent. Pro, Pro-Ser or Pro-Ser- 

Thr; 

with nr-ntri tr^n «.U_^. 

(i) R is r' when z' is absent, and 
(ii) R* is selected from the group 
consisting of ph nylacetyl, benzoyl, N-C,-C, acyl 
phenylalanyl and N-C,-C. acyl tyrosyl when the two Xaa 
residues are separated by two amino acid residues. 
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10. The cyclic p ptid according to claim 
9 wherein is Phe-Leu, 

11. The cyclic peptide according to claim 
5 9 wherein is Pro-Ser. 

12 . The cyclic peptide according to claim 
11 wherein is Phe-Leu. 

10 13. The cyclic peptide according to claim 

9 wherein both Xaa residues are oxidized Cys 
residues • 

14. A cyclic peptide of the formula 

15 R^-Cys-Phe-Leu-Asp-Phe-Y^-Cys-NHj (SEQ ID NO: 10-11), 

wherein 

the two Cys residues are oxidized to 
form a cystine residue; 

is a Cj-C^ acyl moiety or absent so 
20 that the peptide is terminated by the free a-aunine of 

the oxidized Cys residue; and 

is Pro or Pro-Ser. 

15. A cyclic peptide of the formula 

25 N-phenylacetyl-Cys-Asp-Phe-Cys-NHj (SEQ ID NO: 4) 

in which the two cysteines are oxidized to form a 
di sulfide bond— containing cystine residue. 

16. A process for treating fibronectin 
30 CS-l/VLA-4 -mediated inflammation that comprises 

administering to a mammal having said inflammation an 
inf lamonation-reducing amount of a cyclic peptide of 
the formula 

R-Xaa^-Z-Asp-Phe-Y-Xaa^ (SEQ ID NO: 4-28) 
35 wherein 

R is 
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(a) that is (i) abs nt so that the 
^6ptd.cis jLs ts^nsuLnat wCi by the f jTwC C\~aiTid.T«e of Xaa os* 
(ii) a Cj-C^ acyl' moiety, or 

(b) that is selected from the group 
consisting of phenylacetyl , benzoyl, phenylalanyl , 
tyrosyl, N-Cj-C^ acyl phenylalanyl and N-Cj-C^ acyl 
tyrosyl; 

the Xaa^ and Xaa^ groups are a-amino 
acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between the 
a-carbons of the two Xaa groups, and in which Xaa^ has 
a C-terminal carboxaimide group, or the C-terminal 
carboxyl is replaced by hydrogen; 

Z is absent, or a peptide selected 
from the group consisting of Pro-Glu-Leu, Phe-Leu, 
Glu-Phe-Leu, Pro-Glu-Phe-Leu (SEQ ID NO:29), and Gly- 
Pro-Glu-Phe-Leu (SEQ ID N0!30); and 

Y is absent. Pro, or that is a 
peptide selected from the group consisting of Pro- 
Ser, Pro-Ser-Thr and Pro-Ser-Thr-Val (SEQ ID N0:31); 

with the provisos that: 
(i) R is when Z is absent, and 

(ii) R^ is selected from the group 
consisting of phenylacetyl , benzoyl, N-C^-C^ acyl 
phenylalanyl and N-C^-C^ acyl tyrosyl when the two Xaa 
residues are separated by two amino acid residues. 

17. The process according to claim 16 
wherein said administration is by inhalation. 

18. The process according to claim 16 
wherein said administration is parenteral. 



35 
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19 • A pharmaceutical composition 
comprxsing an inf lammation-reducino 
cyclic peptide dissolved or dispersed in a 
phannaceutically acceptable diluent, said cyclic 
peptide having the formula 

R-Xaa^-Z-Asp-Phe-y-Xaa' (SEQ ID NO:4-28) 

wherein 
R is 

(a) that is (i) absent so that the 
peptide is terminated by the free a-amine of Xaa or 
(ii) a Ci-C« acyl moiety, or 

(b) R^ that is selected from the group 
consisting of phenylacetyl , benzoyl, phenylalanyl , 
tyrosyl, N-C^-C, acyl phenylalanyl and N-Cj-C, acyl 

15 tyrosyl ; 

the Xaa* and Xaa' groups are a-amino 
acid residues that together form a sulfide or 
disulfide bond in a chain that contains 3 to about 6 
atoms, including at least one sulfur atom between the 
a-carbons of the two Xaa groups, and in which Xaa' has 
a C-terminal carboxamide group, or the C-terminal 
carboxyl is replaced by hydrogen; 

2 is absent, or a peptide selected 
from the group consisting of Pro-Glu-Leu, Phe-Leu, 
Glu-Phe-Leu, Pro-Glu-Phe-Leu (SEQ ID NO:29) , and Gly- 
Pro-Glu-Phe-Leu 'SEQ ID NO:30) ; and 

Y is absent. Pro, or that is a 
peptide selected from the group consisting of Pro- 
Ser, Pro-Ser-Thr and Pro-Ser-Thr-Val (SEQ ID N0:31); 

with the provisos that; 

(i) R is R' when Z is abHent- . and 
(ii) R' is selected from the group 
consisting of phenylacetyl, benzoyl, N-C,-C, acyl 
phenylalanyl and N-C,-C, acyl tyrosyl when the two Xaa 
residues are separated by two amino acid residues. 



20 
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20. The pharmaceutical composition 
according to claim 19 v/hersin 2 is absent. 

21. The pharmaceutical composition 
5 according to claim 19 wherein Y is absent. 

22. The pharmaceutical composition 
according to claim 19 wherein 2 is Phe-Leu and Y is 
Pro. 

10 

23. The pharmaceutical composition 
according to claim 19 wherein said cyclic peptide is 
selected from the group consisting of SEQ ID N0*S:4, 
10, 32 and 11, and N-phenylacetyl-penicillaminyl-Asp- 

L5 Phe-Cys-NHj. 
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OA 



following formula: 




wherein: 

Z is a linker group selected from the 
group consisting of -S-S-, -NH-C{0)-, and -C(0)- 

NH-r 

X„ is 0 to about 6 amino acids; 
m is 0 to 5; 

Rj is a phenyl, pyridyl or thiophenyl 
group optionally substituted by one or more lower 
alkyl, C, to C. alkow. >ij»irt Atn<;*^^ r« n . 

^ . r r —1 -wj nw^ iCUllXIlO 

15 or nitro groups; 

Of P/ r, s, and t are, 
indep ndently, 0 or 1 ; 

^2/ R4/ Rir R9/ R*. Rio/ Ruf 

R13, and Rj3 are, independently, a hydrogen atom or a 
20 lower alkyl or phenyl group; 
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Ri4 is a hydrogen atom or a primary 
amide, carboxylic acid, lower alkyl ester, thiolo 
ester or mono or dihydroxy lower alkyl group; and 

Ris is a phenyl, pyridyl, cyclohexyl, 
5 thiophenyl or primary amide group or a lower alkyl 

group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group; 

wherein the lower alkyl group is a 
to C, alkyl straight or branch chain moiety or a salt 
10 thereof. 



25. A cyclic inhibitor peptide of claim 24 
wherein o and r are each 1, p, q, s, and t are 0 and 
Rj/ Rj/ Re and R, are, independently, a hydrogen atom 
or a lower alkyl group. 



15 



26. A cyclic inhibitor peptide of claim 24 
wherein X„ is 0. 
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01 



following formula: 



10 



15 




s 



^15 (CWr 

-s 



20 



25 



30 



35 



wherein : 

m is 0 to 5; 

is a phenyl, pyridyl or thiophenyl 
group optionally substituted by one or more lower 
alkyl, to alkoxy, halo, amino, to acylamino 
or nitro groups ; 

o and r are, independently, 0 or 1; 

Rar and are, independently, 

a hydrogen atom or a lower alkyl group; 

Ri4 is a hydrogen atom or a primary 
amide, carboxylic acid, lower Alley! enter,- thlolo 
ester or mono or dihydroxy lower alkyl group; and 

R^j is a phenyl, pyridyl, cyclohexyl, 
thioph nyl or primary amide group or a lower alkyl 
group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary simide group; 

wherein the lower alkyl group is a Cj 
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to C, alkyl straight or branch chain moiety or a salt 
thereof . 



28. The cyclic inhibitor peptide of claim 
27 wherein m is 1 . 



29. The cyclic inhibitor peptide of claim 
27 wherein R, is a phenyl, pyridyl or thiophenyl 
group . 



10 



IS 



20 



25 



30. The cyclic inhibitor peptide of claim 
27 wherein o and r are each 1 and R„ R,, r„ and R, 
are, independently, a hydrogen atom or a methyl 
group. 

31. The cyclic inhibitor peptide of claim 
30 wherein R,, is a lower alkyl group optionally 
substituted by a phenyl, pyridyl, cyclohexyl, 
thiophenyl or primary amide group. 

32. The cyclic inhibitor peptide of claim 
27 wherein m is 1, R, is a phenyl group, R„ r„ r,, 
and R. are each a hydrogen atom, R,, is a methyl ester 
group and R^, is a N-phenylacetyl group. 



t 
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33, A cyclic inhibitor peptide having the 

foil owing foiTulula ; 




wherein: 

m is 0 to 5 ; 

Ri is a phenyl, pyridyl or thiophenyl 

C J w..^ ^wv*^^ 

alkyl^ to C3 alkoxy, halo, £unino, Cj to C, acylaiiiino 
or nitro groups; 

o and r are^ independently, 1; 

R3/ and R5 are, indep ndently, 

a hydrogen atom or a lower alkyl group; 



5 



10 
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Rj4 is a hydrog n atom or a primary 

amide, carboxvlic acid- ^r^x^f^T^ ^^4^ 

ester or mono or dihydroxy lower alkyl group; and 

Rjs is a phenyl, pyridyl, cyclohexyl, 
5 thiophenyl or primary amide group or a lower alkyl 

group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group; 

wherein the lower alkyl group is a C, 
to C, alkyl straight or branch chain moiety or a salt 
io thereof. 



34. The cyclic 
33 wherein m is 1. 

35. The cyclic 
33 wherein is a phenyl, 
group . 



inhibitor peptide of claim 

inhibitor peptide of claim 
pyridyl or thiophenyl 



20 



25 



30 



36. The cyclic inhibitor peptide of claim 
33 wherein o and r are each 1 and R„ R,, r„ and R, 
are, independently, a hydrogen atom or a methyl 
group . 

37. The cyclic inhibitor peptide of claim 
36 wherein R„ is a lower alkyl group optionally 
substituted by a , ^^rridvl, cyclohexyl, 
thiophenyl or primary amide group. 

38. The cyclic inhibitor peptide of claim 
33 wherein m is 1, R, is a phenyl group, R„ r,, r,, 
and R, are each a hvdr-ooon A^/^m o - . 

amine group and R,, is a N-phenylacetyl group. 
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39. A cyclic inhibitor peptid having the 
following formula: 




Wherein: 

m is 0 to 5; 

Rj is a phenyl, pyridyl or thiophenyl 
group optionally substituted by one or more lower 
alkyl, Cj to alkoxy, halo, amino, Cj to acylamino 
or nitro groups; 

o and r are, independently, 0 or 1; 

Ref and R, are, independently, a 
hydrogen atom or a lower alkyl group; 

Ri4 is a hydrogen atom or a primary 
amide, carboxylic acid, lower alkyl eater, thiol n 
ester or mono or dihydroxy lower alkyl group; and 

Ri3 is a phenyl, pyridyl, cycloh xyl, 
thiophenyl or primary amide group or a lower alkyl 
group optionally substituted by a phenyl, pyridyl, 
cyclohexyl, thiophenyl or primary amide group; 

wherein th lower alkyl group is a 
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to alkyl straight or branch chain moiety or a salt 



40. The cyclic inhibitor peptide of claim 
39 wherein m is 1 . 

41. The cyclic inhibitor peptide of claim 
39 wherein R, is a phenyl, pyridyl or thiophenyl 
group . 

42. The cyclic inhibitor peptide of claim 
39 Wherein o, r and s are each 1 and R,, R,, R,, and R, 
are, independently, a hydrogen atom or a methyl 
group , 



43. The cyclic inhibitor peptide of claim 
39 wherein R„ is a lower alkyl group optionally 
substituted by a phenyl, pyridyl, cyclohexyl, 
thxophenyl or primary amide group. 

44. The cyclic inhibitor peptide of claim 
42 Wherein m is 1, R, is a phenyl group, R„ r^, r., 
and R, are each a hydrogen atom, R., is a hydrogen 
atom and R,, is a N-phenylacetyl group. 

45. A rprr^v-- ^yr^ - pa. ' co:aprising 
the ester of the cyclic inhibitor peptide of claim 
24, 27, 33 or 39. 



46. A pharmaceutical composition 

comorisino th« cvoi-;^ ';t,k;u,-«. , , . 

- — — -wwi ui cxajun ^4, zi 

33 ox 39 and a pharmaceutically acceptable carrier. 
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